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In further attempts to find suitable means for the controlled 
degradation of the aconitine molecule complications have been 
encountered paralleling in part some of the experience of previous 
workers and which have made difficult more rapid progress. It 
was hoped by certain methods which will be described in another 
connection to remove the hydroxyl groups and to reach a more 
suitable starting point for further degradation. But because of 
the complexity of the reaction mixture obtained as a rule, it 
became desirable to select a simpler alkaloid of the group. At- 
tention was therefore turned to delphinine because of its fewer 
hydroxyl groups. This work has established the formula C33H,;- 
O,N and has made conclusive its relationship to the aconitine 
group of alkaloids (1). As in the case of the long known reaction 
with aconitine, delphinine when heated in methyl alcoholic solu- 
tion readily suffers replacement of its acetoxy] group by methoxyl, 
with the production of methylbenzoyldelphonine. (Delphonine 
is the alkamine.) 

Systematic attempts have been made to remove the free OH 
group of delphinine or certain of its derivatives or to replace it by 
halogen for subsequent removal. But in such experiments com- 
plications continued to crop up which required individual study 
at each step. Thus a curious contrast has appeared in the be- 
havior of delphinine itself and its oxidation product a-oxodelphi- 
nine. The latter, unlike the alkaloid, was unaffected on heating 
under comparable conditions (or even at 130—140°) with methyl 
alcohol alone. However, if, as previously reported (1), the sol- 
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vent contained HCI (3 per cent), replacement of the acetoxy] 
group by methoxyl occurred, with formation of methylbenzoyl- 
a-oxodelphonine, CyzHyO ,N. At the time, the production was 
also recorded of an amorphous basic fraction which has since 
been found to be a mixture. On treatment with nitrous acid a 
neutral nitroso derivative has been obtained from it, analysis of 
which approached a formula CyHweOiNe. It is possibly a deriva- 
tive of a secondary amine isomeric with methylbenzoy]-a-oxodel- 
phonine and formed from the latter by the isomerizing action of 
methyl! alcoholic HCI. 

The above methylbenzoyl-a-oxodelphonine has now also been 
obtained in good yield by oxidation of methylbenzoyldelphonine 
with permanganate in acetone solution. The simultaneous pro- 
duction of an isomeric 8-oxo derivative such as occurs in the 
oxidation of the alkaloid itself, however, could not be detected. 

During these reactions with delphinine or its a-oxo derivative 
there was thus no indication of cleavage of the OH group to form 
unsaturated derivatives. The action of HCl was then studied 
under more rigorous conditions. Although the alkaloid itself 
was apparently little affected under such conditions, when a-oxo- 
delphinine was treated at 25° with methyl! alcohol saturated with 
HC! at 0° a succession of reactions occurred. After about 24 
hours a chloro derivative was isolated in good yield, analysis of 
which indicated a formula Cy.HyO,NCI in which one methoxyl 
group has been replaced by Cl. If the reaction was allowed to 
proceed longer (a week), further change occurred. From the 
resulting mixture a substance was obtained analysis of which 
approximated a formula C3.H3gOsNCl, in which the hydroxyl 
group appears to have been replaced by a 2nd Cl atom. 

In the case of the above monochloro derivative preliminary at- 
tempts were made to replace the chlorine by hydrogen. On 
hydrogenation with platinum oxide catalyst, however, only the 
benzoyl group was reduced with production of a herahydrobenzoyl 
derivative, Cs2xHygO,N Cl. 

When the chloro derivative was heated with methyl alcohol 
at 100°, the Cl atom was removed but a complicated mixture of 
neutral and basic substances resulted, the interpretation of which 
has proved very difficult and is only in a preliminary stage. 
Several possibly isomeric neutral substances were isolated of doubt- 
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ful homogeneity, analysis of which suggested a formula C3.H- 
ON resulting from cleavage of HC! from the chloro compound. 
From the basic fraction a crystalline basic substance was ob- 
tained, also apparently a mixture, analysis of which approxi- 
mated the same formula CyHygO.N. The formation of a neutral 
nitroso derivative from the latter indicated it to be a secondary 
amine. However, the methoxyl determinations of all of these 
substances have not given results in accord with the required 
values for either two or three OCH; groups. Although therefore 
the homogeneity is doubtful, it is nevertheless important to 
place on record our observations awaiting their final interpreta- 
tion. This experience demonstrates that many competing reac- 
tions can participate under such simple conditions, a fact which 
has contributed much to the complexity of the problem. An 
attempt was made to simplify the problem by making use of 
methylbenzoyl-a-oxodelphonine in order to avoid the complica- 
tion of partial replacement of the acetoxyl group by methoxyl 
during these reactions. But the reaction between this substance 
and saturated methyl alcoholic HCI was found to present in itself 
a complicated picture. 

As in the case of a-oxodelphinine, when 6-oxodelphinine was 
heated with methyl] alcoholic HCl (4 per cent) replacement of the 
acetoxyl group by methoxyl occurred with the production of 
methylbenzoyl-8-oxodelphonine isomeric with the previously men- 
tioned a derivative. However, here the analogy ended, since 
unlike the a isomer it was largely recovered unchanged after 
exposure to the action at room temperature of methyl alcohol 
saturated with HCl. Similarly, methylbenzoyl-$-oxodelphonine 
was largely unaffected by this reagent. The greater apparent 
resistance in the 8 derivative of the methoxyl group which is 
more labile in a-oxodelphinine was again brought out in the con- 
trast in the behavior of each of these isomers towards nitric acid. 
The 8 derivative appeared to suffer little change when its solution 
in HNO; (1.42) was allowed to stand at 25° for several days. In 
the case of a-oxodelphinine, however, demethylation of one 
methoxyl group occurred with the production of the substance 
CyHyOwN. But substitution of the methoxyl group by a nitro 
group, as might have been expected from the results with strong 


HCl, did not occur. 
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The action of these reagents on pyro-a-oxodelphinine was simi- 
larly studied. Here a curious behavior was noted. When dis- 
solved in aqueous HC] (1.19), it was gradually changed to a 
chloro derivative with replacement of one methoxyl group; viz., 
CyoHg60;NCI. If methyl alcohol saturated at 0° with HCl was 
employed, two methoxy! groups were replaced by 2 chlorine atoms, 





since analysis of the resulting crystalline dichloro derivative agreed 
with the formula, CogHyOsNCh. When the reaction was con- 
tinued for a week, a mixture resulted but only 50 per cent of 
crystalline material could be recovered, analysis of which still 
approximated the figures of the above dichloro derivative. When 
the latter was heated with methyl alcohol, Cl was again replaced 
by methoxyl groups. The resulting substance proved to be iso- 
meric with pyro-a-oxodelphinine and apparently identical with 
the substance previously obtained from it by heating with 4 per 
cent methyl! alcoholic HCI (1). In the attempt to replace halogen 
by hydrogen the dichloro derivative on hydrogenation yielded a 
hexahydro derivative, Col y~Og.NCk, in which only the benzoyl 





group was reduced. 

Finally, a preliminary study of the action of nitric acid on pyro- 
a-oxodelphinine has been made. In this case the concentrated 
acid caused rapid removal of one methoxyl group with the produc- 
tion of a monodesmethyl derivative, Cyofl370sN. Uf allowed to act 
longer or at a higher temperature, however, the reaction became 
more involved. When the substance Cy9H3;OsN was treated with 
HC] (1.19), it was transformed into a monochloro derivative, CyoHH s¢- 
O;NCl, apparently isomeric with the substance obtained directly 
under the same conditions from pyro-a-oxodelphinine itself. 

A study of the action of hot dilute nitrous acid upon delphinine 
has proved of interest. From the reaction mixture about 10 per 
cent of a sparingly soluble neutral nitroso derivative was obtained, 
analysis of which agreed with the formula C3;HyOioNe. Although 
this substance still retained four methoxyl groups in addition to 
the original acetyl and benzoy! groups, the N(CH;) determination | 
gave but a small fraction of the amount exhibited by the original 
alkaloid. The question whether this is a nitroso derivative of a 
secondary amine produced by isomerization of delphinine during 
the reaction is now the subject of further study. Its production is 
in all likelihood in part analogous to that of the nitroso compound 
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obtained under similar conditions from aconitine and for which 
Lawson (2) derived an incorrect formula C3;HyOwNs. The latter 
will be discussed in another connection. 

The major portion of the reaction mixture proved to be of basic 
character and a crystalline base was obtained from it. Analysis 
of the latter agreed with the formulation C3sHysOyoN; @.e., of a 
hydroxydelphinine. ‘The methoxyl and N(CH;) determinations 
were consistent with this interpretation. The new hydroxyl 
group appeared to be of secondary character and attached to a 
earbon atom vicinal to the N atom, since on oxidation in acetone 
solution with permanganate under conditions paralleling the 
production of the oxodelphinines from delphinine, the new base 
also yielded a neutral oxodelphinine. The hydroxyl group must 
therefore be the point of oxidation to CO. The new oxidation 
product which is provisionally called y-oredelphinine was super- 
ficially indistinguishable from 8-oxodelphinine except in rotation. 
That of the former in acetic acid was [a]? = +40° as against 
(a]” = +31° of the latter. However, when it was heated with 
methyl alcoholic HCl, a pentamethoxyl] derivative was obtained, 
viz. methylbenzoyl-y-oxodelphonine ({a}? = +5° in methanol), 
which showed a still greater difference in rotation from that of the 
methylbenzoy]-8-oxodelphonine recorded above ({a/? = +27° 
inmethanol). Its further study has been deferred for the present. 

In a previous paper (1) the suggestion was offered that the 
pyrolytic production of pyrodelphinine from delphinine with 
loss of acetic acid is probably accompanied by the formation of an 
oxidie bridge, a conclusion drawn by Schulze and Liebner (3) in 
the case of pyraconitine and pyraconine on the basis of acetylation 
studies. This has more recently been supported by the published 
acyl determinations of Tamura (4) on the so called diacetyl- 
pyromesaconitine and triacetylpyroxonine. However, such an 
interpretation was discarded by Sharp (5) on the basis of his study 
of pseudoaconitine. Along with other confirmatory observations 
he found that the fully acylated alkamine which contains no 
free OH group, viz. tetraacetylpseudoaconine, still loses acetic 
acid on pyrolysis with production of triacetylpyropseudoaconine. 
Because of the failure to hydrogenate, Sharp concluded that a new 
earbon to carbon link was produced by the reaction. 

We have already similarly reported (1) that pyrooxodelphinine 
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yields a hexahydropyrooxodelphinine in which only the benzoyl 
group is hydrogenated. The failure to hydrogenate, however, 
does not eliminate the possibility of the presence of a resistant 
double bond formed in the reaction. 

With the hope of obtaining direct evidence of the non-participa- 
tion of a free OH group in the formation of pyrodelphinine acyla- 
tion of the latter with acetic anhydride was studied. Although 
such a reaction appeared to occur no crystalline product could be 
isolated. In the case of pyro-a-oxodelphinine acylation was use- 
less, since a-oxodelphinine itself did not react directly with 
acetyl chloride. It was also recovered unchanged on attempted 
benzoylation in pyridine. The benzoyl derivative was obtained, 
however, indirectly. Delphinine when benzoylated in pyridine 
solution yielded benzoyldelphinine which on oxidation with KMnO, 
was converted into benzoyloxodelphinine. Both of these benzoyl 
derivatives although containing no free OH groups continued to 
lose acetic acid on heating. Unfortunately, the resulting com- 
pounds could not be obtained in crystalline form. For the pres- 
ent, the general nature of the pyrolytic transformation of these 
alkaloids and their derivatives in terms of previous proposals 
must be regarded as uncertain. 

EXPERIMENTAL 


Methylbenzoyldelphonine—5 gm. of delphinine in 75 cc. of methyl 
alcohol were heated at 100° for 20 hours. Cleavage of acetic 
acid was apparent. After partial concentration and careful dilu- 
tion with water and dilute Na2COs a colorless resinous precipitate 
formed which rapidly crystallized. The collected material 
weighed 4.3 gm. 

After recrystallization from dilute methyl alcohol it formed 
small, short, often pointed prisms which melted at 173—175°. 


fale = +27° (c = 1.72 in 95% alcohol) 
CyeHygsOsgn. Calculated. C 67.21, H 7.94, OCH; 27.16 
Found. ‘*C.np “7. * 2 


Delphinine and Methyl Alcoholic Hydrochloric Acid—0.12 gm. 
of delphinine in 2 ce. of absolute methyl! alcohol containing 3.3 
per cent of HCI was heated at 100° for 18 hours. After concen- 
tration copious crystallization of the hydrochloride which melted 
at 213-214° occurred from methy! alcohol and ether. 


























W. A. Jacobs and L. C. Craig 309 


CssHyO sN-HCl. Calculated. C 62.28, H 7.29, OCH; 19.52 
Found. “61.70, “ta, ~~ Dae 


Similarly, 0.23 gm. of the alkaloid was dissolved in 4 cc. of 
methy! alcohol saturated at 0° with HCl and allowed to stand at 
room temperature for 45 hours. The alkaloid was recovered from 
this solution in excellent yield and possessed the properties of 
delphinine. 


C33HysOsN. Calculated. C 66.07, H 7.57 
Found. ** 66.09, ‘* 7.75 


Methylbenzoyl-a-Oxodelphonine—A_ solution of 4.3 gm. of 
methylbenzoyldelphonine in 450 cc. of dry acetone containing 
4.5 ec. of acetic acid was treated with 0.45 gm. of potassium per- 
manganate. Oxidation gradually occurred in the mixture which 
was held at about 25° and by next morning the reagent was used 
up. After concentration and dilution copious crystallization oc- 
curred, and on further dilution of the mother liquor with final 
concentration, additional fractions were obtained. The total 
yield was 3.9 gm. No appreciable differences in melting points 
or rotations were noted in the different fractions. The substance 
formed lustrous platelets from dilute methyl alcohol which on 
rapid heating melted at 221-223° and then resolidified and melted 
again at 236-237°. 


lals = —41.5° (c = 1.03 in methyl alcohol) 
CyHyzOoN. Calculated. C 65.60, H 7.40, OCH; 26.47 
Found. ‘“* 65.70, “‘ 7.33, ‘* 26.33 


This oxidation product proved to be identical in properties with 
the substance obtained previously (1) by the action of methyl 
alcoholic hydrochloric acid on a-oxodelphinine and showed no 
melting point depression when mixed with it. A recent deter- 
mination of the rotation of the earlier substance has been found to 
be [a]? = —35.5° (ec = 0.99 in methyl alcohol). The low meth- 
oxy! values reported with this material indicated some contamina- 
tion. 

a-Oxodelphinine and HCl—The action of hot 3 per cent absolute 
methy] alcoholic HCl as previously (1) described gave in addition 
to the neutral methylbenzoyl-a-oxodelphonine an amorphous 
basic fraction. This material which was of doubtful homo- 
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geneity has since been found to give in very small yield the follow- 
ing nitroso derivative. 

A solution of 60 mg. of the amorphous base in 8 ec. of water 
containing 0.5 ec. of acetic acid was treated at room temperature 
with 0.2 cc. of 30 per cent sodium nitrite solution. A floeculent 
precipitate gradually formed and on standing overnight this was 
found to be partly crystalline. After collection and drying it was 
dissolved in chloroform and concentrated and then treated with 
ether. On further concentration to obtain a proper balance of the 
two solvents, it gradually crystallized as minute four cornered 
tablets which melted slowly with decomposition at 228-230° after 
preliminary softening. 

It gave the typical nitrosamine reaction with phenol and H.SO,. 

CyHweOioNe. Calculated. C 62.50, H 6.89, N 4.56 
Found. (a) ‘ 62.67, ‘‘ 6.75 
“ (b) “ 62.05, “ 6.88, N 4.65 

The ineffectiveness of methyl alcohol without HCl was shown 
as follows: 0.25 gm. of a-oxodelphinine was heated with 10 cc. of 
absolute methyl alcohol at 130-140° for 17 hours. On concen- 
tration to 4 cc., copious crystallization of starting material oc- 
curred. 


Cy3HgsOioN. Caleulated. C 64.56, N 7.07 
Found ** 64.54, “ 6.89 


The Substance CyHwOsNCI—2 gm. of a-oxodelphinine were 
placed in a sealed tube with 35 cc. of methyl alcoholic HCl which 
had been saturated at 0°. After agitation at room temperature 
for almost 30 minutes the suspension gradually dissolved and the 
solution was allowed to stand at about 25° for 21 hours. The 
clear solution was carefully concentrated in vacuo to dryness and 
the residue was dissolved in chloroform. The latter was shaken 
with a little NasCO; solution to remove HCI and then repeatedly 
extracted with 2 per cent H.SO, to dissolve any basic material 
which proved to be negligible in amount. The remaining neutral 
chloroform solution was washed and dried. On concentration to 
about 5 cc. and treatment with ether, a copious globular crystal- 
line powder separated which was collected with ether. The yield 
was 1.44 gm. This was recrystallized by solution in a good 
volume of hot acetone and concentration to 25 ee. On standing, 
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delicate needles gradually separated which after preliminary 
sintering melted at 242-243° with effervescence. 


fa], = —60° (c = 1.17 in chloroform) 


For analysis the substance was dried at 120° and under low 
pressure. 

CysHyeOQeNCl. Caleulated. C 62.16, H 6.53, Cl 5.74, OCH, 15.06 
Found. (a) ‘‘ 62.85, ‘‘ 6.68, “ 4.99, ‘* 14.85 
™ (6) ‘* 62.54, “ 6.83, ~ 

14.330 mg. of substance were refluxed in 3 cc. of 0.1 N NaOH and 
3 ec. of alcohol for 3 hours and titrated back against phenol- 
phthalein. Found, 0.716 ec.; calculated for 3 equivalents, 0.696 
ee. 

The purification of this substance was complicated somewhat 
by the fact that when the reagent was allowed to act longer in- 
creasing amounts of a dichloro derivative were produced, as 
shown below. At the same time, on recrystallization from chloro- 
form mixtures, retention of solvent occasionally occurred, so 
that the Cl determinations proved to be misleading. 

For instance material contained in the mother liquor obtained 
in the above recrystallization was recovered by addition of ether 
to the concentrated chloroform solution. 

On analysis of the substance C 61.41, H 6.44, Cl 8.60 were found. 

However, when this was dissolved in acetone and concentrated, 
two successive fractions were obtained to the extent of at least 
60 per cent. The first showed [a]? = —55° and the second 
laf’ = —57°. 

Found, (a) C 62.55, H 6.35, Cl 5.70; (b) Cl 6.07 


Hydrogenation of C32.HwO,NCI—0.1 gm. of the chloro derivative 
was hydrogenated in acetic acid solution with 50 mg. of the plati- 
num oxide catalyst of Adams and Shriner under a pressure of 3 
atmospheres. The reaction was complete in 35 minutes after 
absorption of 3 to 4 moles of Hz in excess of the catalyst require- 
ments. The hexahydro derivative formed needles from methyl 
alcohol which melted at 229° with slow effervescence, and gave a 
strong halogen test. 


Cy»HwOsNCl. Calculated. C 61.55, H 7.43 
Found. ** 62.03, ‘* 7.44 
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On saponification the characteristic odor of hexahydrobenzoic 
acid was obtained. 

The Substance Cy.HywOgNCl and Methyl Alcohol—Many repeti- 
tions of the study of the action of methyl alcohol on the mono- 
chloro derivative have shown that a number of competing reac- 
tions occur, with the production of a mixture of substances. The 
following is a representative experience in this regard and the for- 
mulas considered can be only tentative. 

0.35 gm. of the monochloro derivative and 10 ec. of dry methyl 
alcohol were heated at 100° for 18 hours. The light brown solu- 
tion was concentrated to dryness and the residue was dissolved 
in chloroform. After removal of free HCl with dilute NasCO, 
the chloroform was extracted with 2 per cent H.SO, to remove 
basic material. The latter was recovered by liberation from the 
acid solution with an excess of NasCO; and reextraction with 
chloroform. This fraction will be treated below. The above 
chloroform solution containing the neutral material was dried and 
concentrated, residual chloroform being finally removed with 
methyl alcohol. The resulting solution, in a volume of about 2 
cc., set to a crop of colorless needles. This fraction amounted to 
75 mg. and on rapid heating melted with decomposition at 285- 
290°. The substance contained no Cl. On recrystallization from 
chloroform-ether the melting peint was unchanged and the libera- 
tion of acetic acid during the melting could be detected. 


Cy2Hss09N. Calculated. C 66.06, H 6.77, OCH; 16.01 
Found. ‘* 65.55, ** 6.50, * 15.04 


After recrystallization from methyl] alcohol it melted with de- 
composition at 282-284°. 
[a]p = —120° (c = 1.14 in chloroform) 
Found. C 66.24, H 6.80, OCH; 14.76 
In other experiments the following figures were obtained. 


Found. (a) C 66.34, H 7.12, OCH; 15.82 
" (b) ** 65.93, “* 6.71 
a (c) ‘* 66.20, ‘* 6.82, OCH; 14.40 
From the original mother liquor of the above neutral substance 
successive fractions were obtained which appeared to consist of at 
least two substances the homogeneity of which was doubtful. 
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By fractionation from methyl alcohol an intermediate, less soluble 
fraction was finally obtained as needles which melted at 238- 
240°. 

Found. C 65.22, H 6.87, OCH; 16.68 


In another experiment a corresponding fraction melted at 225- 
235°. 
Found. C 65.32, H 7.12 
The most soluble fraction after recrystallization from chloro- 
form-ether melted at 210-211°. 


lalp = —49° (c = 0.99 in chloroform) 
Found. C 65.56, H 6.92 


In a different experiment a corresponding fraction, which melted 
with decomposition at 205-209° after preliminary sintering, was 
finally obtained from ether. 

This fraction definitely suggests the presence and therefore re- 
generation of oxodelphinine itself; the analytical figures are given 
below. 


Cy3HysOwN. Calculated. C 64.56, H 7.07, OCH; 20.22 
Found. ** 65.08, “ 7.13, “ 19.3% 


The above high melting neutral substance (m.p. 285-290°) 
was hydrogenated in acetic acid solution with platinum oxide 
catalyst under 3 atmospheres pressure. The hydrogenation 
product crystallized from chloroform-ether in needles which 
melted slowly at 275-278° after preliminary softening. 


CyHyOoN. Calculated. C 65.38, H 7.72 
Found. “* er... * 2a 
ss *€ 65.88, ‘* 7.86 


The chloroform solution containing the basic fraction on con- 
centration to a small volume and careful addition of ether crystal- 
lized on rubbing. The yield was 25 mg. In another experiment 
0.6 gm. of chloro compound gave 37 mg. of this base. It melted 
at 218-220° after preliminary sintering. 


Cy2H3s09N. Calculated. C 66.06, H 6.77, OCH; 16.01 
CyH370.N. - ** 65.57, ** 6.57, “* 10.94 
Found. (a) ‘ 66.03, ‘* 7.09, ‘* 14.40 

- (b) ‘* 65.86, “* 6.98 “ 26 Biz 
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A small sample of this base readily gave a crystalline nitroso 
derivative which after recrystallization from dilute acetone 
melted at 236-238° after preliminary sintering. 

Cy2H3sQioN2. Calculated. C 62.92, H 6.28, OCH; 15.25 


CyHyOi0Ne os 62.38, “ 6.08, ‘“ 10.41 
Found. "me ae., *~ 11.81 


In general, the varying analytical figures make fairly certain 
the doubtful homogeneity of the above substances. Their pre- 
cise interpretation must await a later opportunity. 

The Substance CyHywOsNCl. (?)—The effect of longer action of 
HCl was shown as follows: 

1 gm. of a-oxodelphinine was sealed in a tube with 20 ce. of 
methyl! alcohol saturated at 0° with HCl. The solution was al- 
lowed to stand at room temperature for 7 days and was then 
worked up as in the preceding case. The basic fraction was neg- 
ligible. After concentration of the chloroform solution of the 
neutral fraction to 5 ec. and careful treatment with ether, crystal- 
lization could be started, and a paste gradually formed. The 
product was collected with a 1:1 chloroform-ether mixture and 
amounted to 0.21 gm. Succeeding fractions up to a total of 0.4 
gm. were obtained by manipulation of the mother liquor. 

The first fraction was recrystallized by concentration of its 
acetone solution and formed needles which melted gradually with 
effervescence at 225-227° after preliminary sintering. 

CyH yOsNClh. Calculated. C 60.36, H 6.18, Cl 11.15, OCH; 14.63 

CyoH37O2NCh. ” as” oe le 15.66 

Found. ‘61.00, “ 6.69, “ 10.88, “ 14.92 

In an experiment in which the reaction was allowed to stand 

for 11 days a similar result was obtained. 


Found. C 60.90, H 6.03, Cl 10.58, OCH, 15.26 


B-Oxodelphinine and Methyl Alcoholic HCl. Methylbenzoyl-6- 
Oxodelphonine—A solution of 0.9 gm. of the 8 derivative in 18 ce. 
of 4 per cent methy! alcoholic HCI was heated at 100° for 16 hours. 
The clear solution after concentration was separated as in other 
cases into basic and neutral fractions. The basic fraction which 
was relatively small could not be crystallized; a small fraction 
which crystallized from ether was found to be neutral and iden- 
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tical with the accompanying neutral substance. It was probably 
carried along by virtue of its solubility in the solvents used. 

The neutral fraction crystallized under ether as delicate needles. 
This substance proved to be quite soluble and was most readily 
recrystallized by solution in chloroform and then concentration 
and finally by addition of ether and concentration to remove all 
chloroform. It melted not sharply at 182-185°. 


lalp = +27° (c = 0.555 in methyl alcohol) 
CyoHgsOoN. Calculated. Cc 65.60, H 7.40 
Found ** 65.64, “* 7.56 


In another experiment 0.1 gm. of 8-oxodelphinine was allowed to 
stand for 16.5 hours in a tube with 2 cc. of methy! alcohol saturated 
at 0° with HCl. The clear solution yielded several fractions 
amounting to 50 mg. which were halogen-free and possessed all 
properties of unchanged starting material. 


Cy;Hy,Oi0oN. Caleulated. C 64.56, H 7.07, OCH; 20.22 
Found. ** 64.28, ** 7.15, “* 19.60 


In like manner the above pentamethoxyl compound was re- 
covered unchanged after similar treatment with saturated methyl] 
alcoholic HCl. The recovered substance melted at 180-183°. 


CyHgwOogN. Caleulated. C 65.60, H 7.40 
Found. ‘Gk. * 72 


Pyro-a-Oxodelphinine and Hydrochloric Acid—Pyrooxodelphi- 
nine was treated at room temperature with 10 parts of HCI (1.19). 
When worked around with a rod it did not dissolve but gradually 
became more voluminous. After standing about 18 hours, the 
mixture was diluted with water. The substance collected proved 
to be very sparingly soluble in the usual solvents. It formed mi- 
nute needles and four sided platelets which showed a decom- 
position point of 318-320° after preliminary darkening. 


CsoHO7NCl. Calculated. C 64.54, H 6.51, Cl 6.36, OCH, 16.69 
Found. ** 64.43, ‘* 6.54, ‘* 6.10, * 16.56 


0.51 gm. of pyro-a-oxodelphinine in a tube with 10 cc. of 
methyl! alcohol saturated at 0° with HCl was allowed to stand at 
20-25° for 21 hours. The clear solution after removal of the 
reagent was separated as in the previous cases into neutral and 
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basic fractions, with ample amounts of chloroform as solvent. 
The basic fraction was again negligible in amount. When the 
neutral chloroform solution was concentrated to 3 cc. and allowed 
to stand, a first fraction separated consisting of globular aggre- 
gates of crystals; 0.27 gm. was collected. Additional material 
was obtained from the mother liquor. The first fraction was 
dissolved in 50 cc. of boiling chloroform; on concentration to about 
5 ec. and addition of several volumes of ether prompt separation 
of aggregates of wedge-shaped crystals took place. 

This substance began to discolor above 240°, became progres- 
sively darker, and finally sintered to a dark mass above 260-265° 
with no definite melting point. 

CosH3;306NCle. Calculated. C 61.90, H 5.92, Cl 12.61, OCH; 11.04 

Found. "om" 6h * ee. | Oe 

In an experiment in which 0.2 gm. of pyro-a-oxodelphinine was 
allowed to react with the reagent as above but for 7 days at room 
temperature, again almost all the material remained in the 
neutral fraction. But in this case only 10 mg. of substance were 
directly obtained from the chloroform solution. However, careful 
treatment with ether yielded successive crystalline fractions which 
when once obtained appeared to be sparingly soluble in chloro- 
form. The combined fractions (0.1 gm.) were recrystallized from 
chloroform and ether (1:1) and formed minute wedge-shaped or 
triangular crystals which decomposed at 250-253° after pre- 
liminary darkening. 


Found. C 61.16, H 6.07, Cl 12.90 


40 mg. of the first dichloro derivative were heated in 10 cc. of 
methyl alcohol for 23 hours. The concentrated mixture was dis- 
solved in chloroform and shaken with dilute NasCO;. The residue 
from the chloroform solution crystallized readily from methyl 
alcohol as glistening compact aggregates of prisms which melted 
at 278-280° after preliminary softening. This substance con- 
tained no Cl and appeared to be identical with the substance (1) 
previously obtained by heating pyro-a-oxodelphinine with methyl 
alcoholic HCl. 


CyH3OsN. Calculated. C 67.23, H 7.10, OCH; 22.40 
Found. (a) ‘‘ 67.47, ‘* 6.87, ‘* 22.00 
~ ere 


54 (b) “* 67.42, “ 6. 
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Hydrogenation of the Substance CoH gO.NClz—50 mg. of the 
dichloro derivative were hydrogenated with 20 mg. of platinum 
oxide catalyst in acetic acid solution. Although most absorption 
occurred during the Ist hour, hydrogenation was allowed to con- 
tinue for 18 hours. The apparent absorption was from 4 to 5 
moles. After removal of the solvent, the residue was dissolved in 
chloroform and shaken with dilute NagCO; solution. The product 
crystallized from ether as small glistening prisms which melted 
with effervescence at 216-218°. It still gave a strong halogen 
test. 

CoHyOsNCle. Caleulated. C 61.24, H 6.92 
Found. 7 Clie. ca 


a-Oxodelphinine and Nitric Acid—a-Oxodelphinine was dis- 
solved in 10 parts of HNO; (1.42) at 20-25°. After 18 hours, dilu- 
tion of the clear solution caused copious crystallization of a prac- 
tically colorless product. It was recrystallized by solution in 
chloroform and concentration after addition of alcohol. It was 
necessary to remove all the chloroform; otherwise the analytical 
results were affected by tenaciously held solvent. The substance 
formed both narrow and broad microneedles which melted with 
decomposition at 271—273°. 
CyHwOi0N. Calculated. C 64.07, H 6.89, N 2.34, OCH; 15.53 
Found. ** 63.98, ‘* 6.79, ** 2.51, “ 15.80 
ore ** 63.92, * 6.71 
Pyro-a-Oxodelphinine and Nitric Acid—Pyro-a-oxodelphinine 
was dissolved in 10 parts of HNO; (1.42). The clear solution after 
15 minutes at 20° gave on dilution a crystalline product. This 
was recrystallized by solution in chloroform and addition of al- 
cohol with subsequent concentration to remove the chloroform. 
It formed characteristic compact triangular or trapezoidal prisms 
which gave a micro melting point of 309-310°. 


CyoHs70sN. Calculated. C 66.75, H 6.91, N 2.60, OCH; 17.26 


Found. ** 66.45, ‘* 6.87, “ 2.77 
” ** 66.36, ‘* 7.01 
= ** 66.24, ‘* 7.16, OCH; 17.59 


When pyro-a-oxodelphinine was somewhat more vigorously 
treated with nitric acid, a more extensive change occurred which 
involved cleavage of an additional OCH; group and possibly loss 
of a CHe group. 
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A solution of 0.1 gm. of substance in 1 cc. of HNO; (1.42) was 
kept at 49-51° for 1 hour. During this time nitric oxide fumes ap- 
peared. After chilling and dilution an amorphous precipitate 
erystallized. On recrystallization from a small volume of acetone 
it formed minute, colorless wedge-shaped crystals which sintered 
to a resin above 200° and melted gradually at 235-240°. 

For analysis it was dried in vacuo at 120°. 


CosH330sN. Calculated. C 65.72, H 6.51, N 2.74, OCH; 12.14 


CopH ys05N. = "au “28 "*oe, ¢* tim 
Found. (a) ‘* 65.93, “* 6.25, «* 11 
a: ** 65.79, ‘* 6.25 
7 (b) ‘* 65.63, ‘* 6.67, OCH; 11.45 
” (c) N 3.09 


When the substance C3o9H37OsN was treated with HCI (1.19), 
it did not appreciably dissolve but gradually changed its appear- 
ance on standing at 25°. After 18 hours the acid was carefully 
diluted with water. After solution in a large volume of an alcohol- 
chloroform mixture (1:1) and concentration to remove the chloro- 
form the product crystallized as minute triangular or trapezoidal 
erystals which sintered under the microscope above 242° and lost 
transparency above 272° but failed to show a real melting or de- 
composition point on further heating. 


CsoHseO2;NCl. Caleulated. Cl 6.36, 3(0CH;) 16.69 
Found. 6.86, a 16.05 


Delphinine and HNO, -1.05 gm. of delphinine were dissolved 
in 40 cc. of 25 per cent acetic acid and treated with 20 cc. of 30 
per cent sodium nitrite solution. The mixture was heated on the 
water bath for 2 hours during which time a smal! amount of spar- 
ingly soluble crystals separated. After cooling, the latter were 
collected with water. The yield was 0.11 gm. This substance 
which was neutral was recrystallized by solution in acetone and 
concentration to crystallization. It formed minute, short, mostly 
four sided crystals which melted with decomposition at 240-241° 
after preliminary softening. 

It gave a gradually developing weak nitroso test with phenol 
and H,S0O,. 

CysHyOioNe. Calculated. C 63.02, H 7.06, N 4.46, OCH; 19.73 
Found. “Ge “7.11,"°403, “* Be 
° ** 63.24, “* 6.94 
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The (N)CH; determination (0.55) showed but a fraction of a 
mole. Calculated, (N)CH; 2.39. 

0.0105 gm. of substance was refluxed with 0.0958 cc. of 1.01 
wn NaOH and an equal volume of alcohol for 2 hours and titrated 
back against phenolphthalein. Found, 0.0388 ce. Calculated 
for 2 equivalents, 0.0334 ce. 

The dilute acetic acid filtrate from the nitroso derivative was 
carefully neutralized and then made definitely alkaline with dilute 
NaOH and extracted with chloroform. The washed and dried 
extract after concentration to a few ec. and addition of a con- 
siderable volume of ether gave an appreciable colorless amorphous 
precipitate which was collected with ether. The ether filtrate on 
concentration to small bulk yielded minute prisms, which for 
recrystallization were dissolved in chloroform and the latter driven 
off with ether. The base formed small triangular prisms and 
needles. The separation was aided by cautious addition of pe- 
troleum ether. The yield was 0.3 gm. 

The substance melted with slow effervescence at 180-182°; 
occasionally samples were obtained which melted somewhat 
higher; viz., 193-195° after preliminary sintering. 

[a]jp = +7° (c = 1.1 in absolute alcohol) 

CssHgsQieN 

Caleulated. C 64.35, H 7.37, N 2.28, OCH; 20.17, (N)CHs; 2.44 
Found. (a) ‘ 64.50, ‘‘ 7.46, ** 2.44, ‘* 20.10, = 1.43 
= (b) ‘* 64.10, *‘ 7.42 
“ (c) ** 64.52, ** 7.41 

y-Oxodelphinine —The above base, C33HysO10N, was oxidized in 
acetone solution containing acetic acid with KMnQ, by the usual 
procedure. From 0.25 gm. successive fractions of neutral oxida- 
tion product were obtained which amounted to 0.175 gm. It 
crystallized from ether as four sided platelets or compact prisms 
which melted at 226-229°. Superficially it was indistinguishable 
from $-oxodelphinine and gave no depression of melting point 
when mixed with the latter. 

[alp = +32° (c = 0.63 in 95 % alcohol) 
[a]p = +40° (c = 0.94 in acetic acid) 
CysHgsO1oN. Caleulated. C 64.56, H 7.07 

Found. ** 64.55, “‘ 7.01 

0.14 gm. of y-oxodelphinine was heated in 3 cc. of 4.3 per cent 

methyl! alcoholic HCl at 100° for 17 hours. The clear solution 
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after concentration to dryness in vacuo was treated with excess 
dilute NagCO; and ether. During the ether extraction a portion 
of the neutral reaction product crystallized. Extraction of the 
ether filtrate with dilute acid yielded but a negligible basic frac- 
tion. From the neutral ether solution more of the above crystal- 
line neutral substance was recovered. 

Recrystallization was effected by dissolving in methy] alcohol, 
then adding water, and boiling off most of the former. The 
product separated from the aqueous solution as square ended 
needles which melted gradually at from 170-177°. On addition 
of petroleum ether to the concentrated ether solution it slowly 
separated as woolly needles which sintered above 140° to a resin 
which melted at 184-188°. When mixed with methylbenzoyl- 
8-oxodelphonine from 8-oxodelphinine it showed no depression of 
melting point. However, the rotation differed considerably from 


that of the latter. 
fa]lp = +5° (c = 0.615 in methyl alcohol) 
For analysis the substance was dried at 110° and low pressure. 


CyeHy,0—N. Calculated. Cc 65.60, H 7.40 
Found. ** 65.60, “* 7.42 


Benzoyldelphinine—1 gm. of the alkaloid dissolved in 20 ce. of 
dry pyridine was treated with 2 cc. of benzoyl chloride. After 
20 hours at 20° the mixture was diluted with water and after 
addition of excess Na2CO;, pyridine was removed in vacuo. The 
diluted residue was extracted with chloroform. The latter gave 
a residue which crystallized in dilute methyl alcohol. The product 
was recrystallized from 95 per cent alcohol and formed needles 
which melted at 171-—173°. 

For analysis it was dried at 120° and low pressure. 

CyoHysOi0oN. Calculated. C 68.24, H 7.02 


Found. "@.re, “a0 


Benzoyloxodelphinine—0.12 gm. of benzoyldelphinine was oxi- 
dized in 12 cc. of acetone containing 0.1 cc. of acetic acid with 
80 mg. of KMnQ,. Oxidation occurred only gradually at room 
temperature and after 18 hours an appreciable excess of reagent 
persisted. The filtrate after concentration was treated with water 
and chloroform. The chloroform extract was successively washed 
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with dilute H.SO, and then dilute NasCO; and dried. The chloro- 
form solution left a resin on evaporation which crystallized in 
methyl! aleohol. It formed delicate needles which melted gradu- 
ally at 185-187°. 


CyoHy7OuN. Calculated. C 66.91, H 6.60 
Found. ** 66.96, “* 6.69 


No attempt was made to determine the production of isomers 
as in the case of the oxidation of delphinine itself. 


SUMMARY 


In an attempt to find a means for the controlled degradation 
of the delphinine molecule a study has been made of the effect of 
hot methyl alcohol, methyl alcoholic HCl, and nitrie acid on 
delphinine itself and on a- and 8-oxodelphinine and pyrooxodel- 
phinine. The reactions have been found to take a different course 
in each case and are affected by temperature, strength of reagents, 
and duration of the reaction. 

The reactions have to do essentially with replacement of ace- 
toxyl by methoxyl or of one or more methoxyl groups by OH 
or Cl. In the last case the action of strong methyl alcoholic HCI 
extends from little or no effect on delphinine to replacement of 
two methy! groups in pyrooxodelphinine by 2 Cl atoms. In the 
latter case the halogen could not be replaced by hydrogenation. 

Nitrous acid acts on delphinine to give the nitroso derivative 
of an apparently isomeric secondary base and also a hydroxy- 
delphinine. The latter on oxidation gave a new or ‘y-0xo- 
delphinine. 

A benzoyldelphinine and its oxidation to benzoyloxodelphinine 
have been described. Their behavior on pyrolysis has been 
studied in the investigation of the nature of the pyro derivatives. 
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In earlier studies on the chemistry of aconitine and related 
alkaloids a number of observations have accumulated, especially 
in the case of the former, which present certain inconsistencies. 
Although the changes produced by certain reagents do not repre- 
sent extensive degradation of the alkamine portion of the molecule, 
it appears that a number of reactions involving different groups 
have occurred more or less simultaneously, so that mixtures of 
reaction products were apt to result. This combined with the 
difficulty or uncertainty in the isolation of individual substances 
from the mixture and the tendency to separate with solvent has 
contributed to some confusion. We have previously (1) discussed 
the case of oxonitine and suggested a revision of the formulas 
proposed for it. A return to a further discussion of this formula- 
tion and that of its companion oxidation product, oxoaconitine, 
first described by us will be made in a subsequent paper. 

In a parallel study of the behavior of aconitine and delphinine 
and derivatives towards certain reagents we have had occasion to 
reconsider and repeat some of the earlier observations on record 
in regard to the former. Thus, the so called nitrosodicarboxylic 
acid, CeHegQuNe, first obtained by Brady from aconitine with 
hot HNO, (2), has recently been shown by Suginome (3) to be a 
product also from oxonitine and mesaconitine. The latter author, 
however, described it as a nitronitrosomonocarboxylic acid, 
(3:H33013N3, which he called nitronitrosoaconitinic acid, and which 
retained both benzoyl and acetyl groups intact but only three 
methoxyl groups and no N-alkyl group. This substance yielded 
on saponification a so called nitronitrosoaconinic acid, Cx2He7)uN3. 
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Somewhat before this, Lawson (4) had reported results of a 
similar study of the oxidation of both aconitine and oxonitine 
with HNO;. However, from each he believed that he had ob- 
tained different products. From the former a crystalline acid, 
CyH3s01u3,N3, was described containing three methoxy! groups and 
no N-alkyl which after saponification gave an acid, C22.H2O01nN;3. 
From oxonitine the product was described as an acid with a for- 
mula, Cy:H3s04N;3. Finally, with chromic acid Lawson obtained 
a base, aconitoline, Cso0H3709N, which retained the N-alkyl group 
but only three methoxy! groups and which on saponification was 
supposed to lose only the benzoyl group to give a base which was 
isolated as the HC] salt; viz., Co3Hs30sN-HC1-3H.O. With HNO; 
aconitoline was reported in turn to give an acid, Co9gH330i3Ns, also 
containing only three methoxyl groups but with no N-alkyl group. 

In repeating the above work under the conditions employed 
respectively by Suginome and by Lawson, we have become 
convinced that both aconitine and oxonitine, as stated by the 
former, indeed yield the same nitronitroso derivative but that the 
formula is C3:H3;0.,N; and not that given by him. This formula 
was adopted by Lawson in the special case of his product from 
aconitine. The analytical results published by Suginome on the 
anhydrous material actually agree better with this formula than 
with that of C3:H3;0:;N; adopted by him. Therefore its saponi- 
fication product should be CxHeOuN;. In addition we have 
found that aconitoline, contrary to Lawson, also yields the same 
nitronitroso compound, C3:H30.3N;. This at once forces a 
changed interpretation of the formula of aconitoline itself, for 
which we now propose C33HyOyoN. This conforms with the older 
results of Schulze (5) who had oxidized the alkamine aconine to a 
base, CaH303N. The base obtained by us on saponification of 
aconitoline was found to be identical with that obtained according 
to Schulze from aconine. As described by him, it yielded a 
methiodide, CH 3s0sN-CH;I. Strangely enough, we have found 
that aconitoline itself does not react readily with methyl iodide, 
at least under the gentle conditions which so easily gave the above 
quaternary salt from its saponification product. 

By following also the essential procedure used by Schulze for 
the oxidation of aconine to the above base in aqueous solution, we 
have obtained aconitoline from aconitine, although in poorer yield 
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than by Lawson’s method in acetone solution. Retention of two 
free OH groups in aconitoline is indicated by the fact that its 
saponification product, CaHssOsN, gives a tetraacety! derivative 
according to Schulze, although the active H determinations 
reported by Lawson on aconitoline indicated only one OH group. 
This is a point which will have to be rechecked when opportunity 
is presented. 

Further, it has been found that oxoaconitine with HNO, also 
yields, although apparently somewhat less readily than oxonitine, 
the above nitronitroso derivative, C3,H3s0y;N;. In the case of 
both oxonitine and oxoaconitine it has been possible by more 
gentle treatment with HNO; to intercept the reaction at an inter- 
mediate stage in which only a nitro group has been introduced with 
simultaneous loss of a methoxyl group. Analysis of the substance 
from oxonitine suggests either a formula Cy:Hse6Q13;Ne or possibly 
Cy33H3s013N2. The last, however, would not conform to a for- 
mula C33;H3O%N for oxonitine itself. An analogous substance, 
Cy3H3sO1;3Ne, was similarly obtained from oxoaconitine which 
superficially at least appeared indistinguishable in character from 
the substance from oxonitine. Both of these substances with hot 
HNO, were converted by nitrosation and simultaneous degrada- 
tion into the above nitronitroso derivative Cy:H3s013Ns. 

Finally, a substance was also described by Lawson as a nitroso 
compound, C3:HyOwNe, resulting from the action of nitrous acid 
on aconitine itself and which was briefly stated to yield with 
nitric acid the above nitronitroso acid. However, no analyses of 
the latter were given. The production of such a nitroso deriva- 
tive has been confirmed by us as well as its very ready conversion 
by HNO, to the substance C3;H3s0.3;N;3. But its analysis appears 
to accord best with a formula CyHywOwNe. Although it does not 
exhibit an N-alky]l group, it still retains all four methoxyl groups. 
Its production, therefore, resembles that of the nitroso derivative 
C3sHgOwNe from delphinine (6) which, however, did not undergo 
the apparent additional oxidation of a CH, group to CO which 
obviously occurs in the production of the aconitine derivative. 

The exact interpretation of interrelationships of the above oxida- 
tion products is still difficult and must await the accumulation 
of additional data. It is apparent, however, that the nitronitroso 
derivative, C3:H3s013N3, represents a stage beyond all of the above 
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oxidation products and derivatives, since it is obtained from all 
of them by the more or less vigorous action of HNO;. It must be 
a nitroso derivative of a secondary amine.' We have found rather 
vigorous action of HCl necessary to remove the NO group as 
reported by Lawson for the production of the base, C3,H3eOwNe. 
The latter was very readily reconverted into the nitroso derivative 
with HNO,. Apparently a complicated series of steps is involved 
in the conversion of aconitine into this substance which is inter- 
cepted at different stages and in different order in the case of each 
of the intermediate substances. 

For instance, the production of aconitoline, C33HgOwN, which 
differs from aconitine by CH,O appears to result from the oxida- 
tion of a secondary OH group to CO. This must be followed by 
either separate loss as H,O of an OH group 8 to it along with a 
CH, group, or all as methyl alcohol due to the labilizing effect of 
the CO group. 

Triacetylaconitine in which all OH groups have been protected 
does not react with chromic acid under similar conditions. Del- 
phinine which does not contain two of the hydroxy] groups present 
in aconitine is similarly not affected by this reagent. That the 
benzoyl and acetyl groups must occur in the general proximity 
of the N atom is suggested by the fact that aconitoline shows 
little tendency if any to quaternary salt formation, unlike its 
saponification product. The unsaturated character of aconitoline 
was indicated not only by its ready oxidation with KMnQO, but 
by hydrogenation, although the hydrogenation product could not 
be crystallized. The latter yielded on saponification an amor- 
phous substance different from the base, CaH3;OsN, given by 
aconitoline itself. 

The first action of HNO, on oxonitine or oxoaconitine appears 
to proceed with oxidative removal of H: and introduction of an 
NO, group. This occurs by substitution without loss of carbon 
except that contained in the methoxyl group which is either 
removed as methyl alcohol or demethylated independently of 
the loss of HO. Thus oxoaconitine C3,3Hg0O»N with loss of CH,O 
(perhaps at this stage paralleling the formation of aconitoline 


! Suginome also adopted the view that his nitronitroso compound was 
a nitrosamine since it lost the NO group on acetylation. However, the 
analytical data on his acetyl derivative are not convincing. 
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from aconitine) and nitration would give C3;H3s0;;Ne. The pro- 
duction of C3,H3sO13N; from this in turn is the result of an obviously 
complicated oxidative cleavage of a cyclic amide group with 
simultaneous nitrosation of a liberated secondary basic group. At 
the same time degradation occurs with loss of C,H;O. This 
nitronitroso derivative, contrary to the statements of previous 
workers, does not possess a free carboxy! group. Although it very 
slowly dissolves on standing in dilute aqueous alkali, it is not dis- 
solved by NaeCQO; solution and it cannot be extracted from the 
chloroform solution with the latter. It is either a lactone or a 
=(H-NOz derivative which dissolves in alkali as a salt of the 
aci- form. 

Further work is now in progress which it is hoped will help to 
establish the exact interrelationship of these substances as well 
as the exact nature of the groups involved in their transformations. 

Henry and Sharp (7) in their study of pseudoaconitine have 
described the production of several oxidation products which are 
doubtless analogous to those obtained from aconitine. With 
chromic acid a weakly basic substance was obtained to which the 
formula C3,;HyOuN was ascribed and which while retaining the 
so called N-alkyl group contained one less methoxyl group. Since 
pseudoaconitine has veratric acid in place of benzoic acid and 
contains one less OH group than aconitine, the formula of this 
substance if exactly analagous to aconitoline should be CysHgOuN. 

With nitric acid two oxidation products were obtained. One 
of these to which the formula C33;HyOigN, was ascribed, if analo- 
gous to the nitronitroso compound from aconitine, C3;H3sO0.3Ns, 
should instead have the formula, C33;H3sOjN,, since it would not 
only contain one OH group less than the aconitine derivative but 
nitroveratric acid in place of benzoic acid. If such conclusions 
are correct, consistent changes would have to be made also in the 
formulas of the hydrolytic and other products described by Henry 


and Sharp. 


EXPERIMENTAL 


Aconitine and Nitric Acid—0.75 gm. of aconitine was oxidized 
in 5 ee. of HNO; (1.42) according to Brady (2) by heating on the 
steam bath for 1 hour. The precipitate formed on dilution was 
crystallized by solution in chloroform followed by addition of 
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alcohol and concentration in order to remove the chloroform. 
The melting point depended upon the conditions of crystallization. 
When the substance separated from the hot alcoholic solution, it 
formed small faintly yellow four sided prisms which colored above 
240°, became dark, and melted at 278° with decomposition. When 
the separation occurred more slowly from the cool solvent, minute 
wedge-shaped crystals formed which gradually softened to a resin 
at 185-200° and then crystallized again and melted at 277-279°. 
For analysis it was dried in vacuo at 120°. 
CyHys01;3N;. Calculated. C 56.60, H 5.37, N 6.39, OCH; 14.16 
Found. ** 56.39, “* 5.38, “6.49, “ 14.16 


The procedure described by Lawson (4) was repeated in which 
1.1 gm. of aconitine were heated for 2 hours at 100° in 10 parts of 
HNO, (1.2). After dilution the collected precipitate was crystal- 
lized first from acetone and then as above. The product was 
indistinguishable in properties from the above substance. 

Found. C 56.40, H 5.11 

The substances as obtained directly from aconitine gave the 
impression of being more homogeneous than those obtained from 
oxonitine or oxoaconitine as given below. 

Oxonitine and HNO;—0.1 gm. of oxonitine was dissolved in 1 ec. 
of HNO, (1.42) at 25° and kept at this temperature for 1 hour. 
Liberation of nitric oxide fumes indicated an obvious reaction, 
On dilution, an amorphous precipitate formed which was collected 
with water. After solution of the dried material in acetone and 
concentration a trace of unchanged oxonitine separated. The 
filtrate on careful dilution gave needles which melted with decom- 
position at 288-289° after preliminary darkening and sintering. 
On occasion, however, depending upon conditions, it gradually 
softened to a paste at 175-195°, resolidified, and decomposed at 
280-282°. The substance gave no Liebermann nitroso reaction. 

lalp = +14° (c = 0.57 in ethyl acetate) 
C33HysOi13N2. Calculated. C 59.08, H 5.71, N 4.18, OCH; 13.88 
Cy2H Oi3Ne. = "pm,  63,°42, “ KB 
Found. (a) “ 58.66, “ 5.69 
“eg (b) “ 58.43, ‘* 5.39, N 4.12, OCH; 14.22 

When the reaction was allowed to proceed at this temperature 

for 17 hours, some contamination with the nitroso derivative given 
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below was apparent, since the substance gave an appreciable 
though weak Liebermann test. 


Found. C 58.28, H 5.51, N 4.64 


0.23 gm. of oxonitine was heated in 3 ec. of HNOs (1.42) at 
100° for 1.5 hours. The amorphous material obtained on dilution 
was recrystallized first from dilute acetone (yield 70 mg.) and then 
from methyl alcohol by boiling down the solution in chloroform 
with the latter solvent. It formed small faintly yellowish 
pyramidal prisms or wedges which softened gradually from 175- 
205° and then resolidified and melted with decomposition at 272— 
274° after preliminary darkening. The melting point depended 
greatly upon the rate of heating as well as upon the solvents used 
for recrystallization. 


[a]> = —31° (c = 0.92 in ethyl acetate) 


This rotation was taken with the substance that had been dried 
in the desiccator but recalculated on the anhydrous basis. 
For analysis it was dried in vacuo at 120°. 
Cy:H3s0i3N3. Calculated. C 56.60, H 5.37, N 6.39, OCH; 14.16 
Found. (a) “ 56.64, “ 5.69, “6.16, ‘“ 14.05 
ig (b) ‘* 56.72, “* 5.50 
“  (c) 56.56, “ 5.54 


The substance gave a strong Liebermann test. It is not an 
acid, since it does not dissolve in dilute NaeCO;. It does not 
immediately dissolve in dilute NaOH solution but only slowly on 
standing owing to an obvious chemical change. It was also not 
removed from chloroform solution by extraction with NagCO; 
solution. 

This nitronitroso derivative was also obtained by substituting 
the above nitro compound, C3sHssO.sNe, in the reaction with 
HNO; at 80° for 1 hour. It behaved in the same way in the melt- 
ing point apparatus and showed identical properties. 


Found. C 56.92, H 5.58, N 5.81 


Oxoaconitine and HNO;—A solution of 0.1 gm. of oxoaconitine 
in 1 ec. of HNO; at 25° remained practically colorless after 1 hour. 
After dilution and collection of the colorless precipitate it was 
dried and recrystallized from dilute acetone. It formed small, 
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stout, colorless prisms which melted gradually to a resin at 180- 
190°. In contrast to the substance from oxonitine, however, it 
showed no tendency to resolidify and melt again at a higher tem- 
perature. Repeated efforts to obtain a substance with such a 
behavior even by seeding with the oxonitine derivative were not 
successful. It also appeared to be more stable towards nitric 
acid than the latter, since, when this reagent was allowed to act 
on oxoaconitine for 48 hours at 25°, a substance with the same 
properties was readily obtained which still gave a_ practically 
negative Liebermann test. 

For analysis both samples were dried in vacuo at 120°. 

CysHysOisNe. Caleulated. C 59.08, H 5.71, N 4.18, OCH; 13.88 
Found. (a) “ 58.82, * 5.49, 4.19, “ 14.10 
™ (b) ‘* 58.86, “6 5.52 
lal = +11.5° (ce = 1.13 in ethyl acetate) 

The experience with HNO; under more severe conditions was 
as follows: 0.25 gm. of oxoaconitine was heated in 2.5 ec. of HNO; 
(1.42) at 100° for 2 hours. The development of nitric oxide fumes 
was only gradual and not nearly as marked as in the case of oxoni- 
tine. The substance obtained from dilute acetone by seeding 
with material from oxonitine softened to a resin at 180—-195°, and 
then partly resolidified and decomposed at 265-267° after pre- 
liminary darkening. It appeared indistinguishable from the 
oxonitine derivative. 


[alt = —31° (c = 0.9 in ethyl acetate) 


This rotation was taken with substance dried in the desiccator 
but was recalculated on the anhydrous basis. 
For analysis the substance was dried in vacuo at 120°. 
Cy HgOi3N>5. Caleulated. C 56.60, H 5.37, N 6.39 


Found. (a) ‘* 56.88, ** 5.57, “ 6.07 
- (6) “* 57.06, “* 5.00 


The Substance Cy Hy0yN; and HCl—0.1\ gm. of the nitronitroso 
derivative (from oxonitine) was suspended in 2 ec. of absolute 
alcohol and saturated with HCI with chilling at 0°. The sub- 
stance finally dissolved as the HCl approached the saturation 
point. The clear solution was allowed to stand at 25° in a sealed 
tube for 18 hours and was then concentrated in vacuo. After 
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treatment with an excess of NaeCOs; solution the base was ex- 
tracted with chloroform. The residue from the latter crystallized 
from alcohol as microneedles or prisms which melted with decom- 
position at 252-253° after softening above 245°. Lawson reported 
a melting point of 207° for this base which without analysis was 
called an amino acid. It proved to be a secondary base since it 
gave at once the nitroso derivative on treatment with acid 
and NaNOs. 

For analysis the substance was dried in vacuo at 120°. 

Cy HyOwNe. Caleulated. C 59.21, H 5.77, N 4.46 

Found. ** 59.40, “ 6.10, ‘* 4.57 


When the nitronitroso derivative was heated in 20 parts of 4 
per cent absolute methyl aleoholic HCI at 100° for 18 hours, it was 
recovered almost entirely unchanged. 


Found. C 56.56, H 5.57 


Aconitine and Nitrous Acid (4)—0.6 gm. of aconitine dissolved 
in 20 ec. of 25 per cent acetic acid was treated with 10 ec. of 30 
per cent NaNO, solution. After 1} hours on the water bath and 
cooling, the crystalline deposit was collected with water. The 
yield was 0.1 gm. When recrystallized by addition of ether to 
the concentrated chloroform solution, the analytical results showed 
tenacious retention of small amounts of solvent. It was accord- 
ingly recrystallized from acetic acid as described by Lawson and 
melted with decomposition at 281°. The Liebermann nitroso test 
was not marked and the substance showed no appreciable N-alky! 


group. 
C3sHy.OigNeo. Caleulated. C 59.27, H 6.44, OCH; 18.03 

Found. “Se “Ce ~*~ ae 

“ °*Oo.B “6,” he 


50 mg. of this nitroso derivative were dissolved in 0.5 ce. of 
HNO; (1.42). After 4 hours at 25° the clear solution was diluted. 
The collected precipitate was recrystallized from dilute acetone. 
The yield was 41 mg. It gradually softened to a melt over the 
range 175-197°. 

Cy,H3;0:3N3. Caleulated. C 56.60, H 5.37, N 6.39, OCH; 14.16 
Found. ** 56.50, “ 5.44, * 6.18, “14.13 
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Aconitoline—This was prepared essentially as described by 
Lawson (4) by the oxidation of aconitine in acetone solution with 
CrO;. 2 gm. yielded 0.86 gm. which melted at 221-222° after 
slight preliminary sintering. 


C33HyOioN. Calculated. C 64.78, H 6.76 


Found. ** 64.42, ** 6.89 
” ** 64.93, ‘* 6.46 
" ** 64.63, “* 6.66 


The analytical results reported by Lawson were in close agreement 
with the above formula. 

2.5 mg. were refluxed for 2 hours in a mixture of 0.15 ce. of 
0.1 N NaOH and 0.15 cc. of alcohol and titrated back with 0.1 n 
HCl against phenolphthalein. Found, 0.0875 cc. Calculated for 
2 equivalents, 0.0818. 

9.2 mg. were refluxed for 2 hours in 0.095 ec. of N NaOH and 
0.1 ec. of alcohol and titrated back withn HCl. The color change 
was gradual but the first fading out of indicator occurred at a 
point corresponding to a consumption of 0.0414 ec. of NaOH. 
Calculated for 3 equivalents, 0.0453. Further cautious addition 
of HCI was followed by successive gradual reappearance of indi- 
eator color until the consumption of NaOH was reduced to 
0.0354 ec. Calculated for 2 equivalents, 0.0302. 

The following procedure based essentially upon that employed 
by Schulze (5) for aconine was less advantageously used. 

1.1 gm. of aconitine were dissolved in a mixture of 8 ec. of 10 
per cent H,SO, and 42 ec. of H:O. To this 0.5 gm. of CrO; was 
added which caused a precipitate of the chromate. On heating 
on the water bath the latter gradually dissolved as oxidation very 
slowly occurred. Although the reagent appeared to be used up 
after several hours, heating was continued for 4.5 hours in all. 
The cooled acid solution was first extracted with ether and then 
after being rendered alkaline with NasCO;, was repeatedly ex- 
tracted with chloroform. The washed and dried extract on con- 
centration and removal of the residual chloroform with alcohol 
yielded 0.22 gm. of crystalline base. After recrystallization it 
melted at 221-222° and proved to be identical with the substance 
obtained by the above procedure. 


Found, C 64.49, H 6.61 
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When aconitoline was heated with methy! iodide at 100° for 
several hours, no evidence of a reaction was obtained and the 
base was recovered unchanged. 

0.1 gm. of aconitoline was oxidized according to Lawson in 
1 ec. of HNO; (1.2) at 100°. After 1.5 hours the diluted mixture 
yielded an amorphous solid which was recrystallized from dilute 
acetone. It separated as yellowish microcrystals which gradually 
softened from 175-195°, again crystallized, and then decomposed 
at 272-273° after preliminary softening and darkening. 


[a]p = —28° (c = 0.98 in ethyl acetate) 
Recalculated on the anhydrous basis, 


Cy H sQOi3Ns. Calculated. C 56.60, H 5.37 
Found. ** 56.41, “ 5.40 


The Base CyH3s0sN—0.22 gm. of aconitoline was dissolved in 
2 ec. of absolute alcohol and treated essentially according to the 
procedure of Lawson with 1.5 cc. of N sodium ethylate. A reaction 
quickly occurred with crystallization of a sodium derivative, the 
nature of which was not determined. After dilution with water 
and acidification with H,SO,, benzoic acid, etc., were removed by 
extraction with chloroform. It was then made alkaline with 
NasCO; and repeatedly extracted with chloroform (best in an 
extractor) to remove the base. This was finally obtained from 
alcohol-ether as the HCl salt which when desiccator-dried slowly 
softened above 214° and finally melted with slow effervescence 
at 219-220°. 

For analysis it was dried in vacuo at 120°. 

CH ;,0;N-HCl. Calculated. C 57.40, H 7.23, OCH, 18.55, Cl 7.07 


Found. ** 66.95, ** 7.384, “ 18.31, “ 6.78 
= “© 67.24, ** 7.03 


This showed no depression of melting point when mixed with 
the HCl salt prepared by oxidation of aconine according to 
Schulze (5). 

The base liberated from the salt readily reacted when heated 
with methyl iodide at 100°. It formed fine needles, m.p. 222-225°, 
from methyl alcohol and ether. 


CysHssOsNI. Calculated. C 49.40, H 6.31, OCH, 15.33, (N)CH; 4.95 
Found. ° “O8,"*ta, *“ wm, ~ 4.48 
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SUMMARY 


A study of the oxidation of aconitine and a number of its deriva- 
tives with nitric acid and chromic acid has shown that a compli- 
cated series of steps is involved which may be intercepted at 
different stages or-in different orders. The product of vigorous 
action of HNO, on aconitine, oxonitine, oxoaconitine, aconitoline, 
etc., is a neutral N-nitrosonitro derivative containing only three 
methoxyl groups with the formula C3,H3s0:3N3; which represents 
a stage beyond all of the others. On acid hydrolysis this yields 
the corresponding secondary base Cy, HseQwNe. Gentler action 
of HNO; on oxonitine and oxoaconitine gives intermediate nitro 
derivatives with loss of one methoxyl group, respectively 
Cye2H3¢OxNe (or possibly Cy3H gsQOi3Ne2) and C33H 3sOigNe. 

The formula of Lawson’s aconitoline, obtained from aconitine 
with chromic acid, has been revised to Cs3H Oy N and apparently 
results from oxidation of a secondary OH group to CO with simul- 
taneous loss of methyl alcohol. On saponification it yields the 
tertiary base, CoyH3sO03N, obtained by Schulze from aconine which 
in turn readily gives a methiodide, in contrast to aconitoline 
itself. 

The production and interpretation of other substances from 
aconitine and related substances are discussed. 
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AN IMPROVED METHOD FOR THE RESOLUTION OF 
SYNTHETIC ALANINE 


By EUGENE PACSU anp JAMES W. MULLEN, 2np* 


(From the Frick Chemical Laboratory, Princeton University, Princeton) 
(Recefved for publication, July 3, 1940) 


In the course of investigations now being carried out in this 
Laboratory, it was necessary to obtain pure d(—)- and l(+)- 
alanine in relatively large quantities. There are two procedures 
described in the literature for the resolution of synthetic alanine, 
both of which were tried out and found unsatisfactory. The 
present paper deals with a simple, rapid method for a complete 
resolution that gives considerably higher yields than have hitherto 
been recorded. Also included are data on the stability of the 
active alanine to racemization and on the effect of concentration 
on the specific rotation of the benzoylalanine. 

The racemic alanine was prepared according to the excellent 
method of Kendall and McKenzie (1). As to the resolution, the 
method of Holmes and Adams (2) involving the use of l-menthoxy- 
acetyl chloride was first employed. These authors recommended 
either 60 per cent ethyl alcohol or a 3:1 mixture of high boiling 
petroleum ether and ethyl acetate as the solvent. We employed 
these two solvents as well as pure ethyl acetate and 95 per cent 
ethyl alcohol and in no case could we get a complete resolution 
of the -menthoxyacetyl]-dl-alanine. Using this method, we ob- 
tained the best results with 60 per cent ethyl alcohol as the solvent 
but, even so, after three consecutive recrystallizations from 22, 
10, and 5 per cent solutions the specific rotation in acetone only 
dropped from —76° to —59.7° and the melting point changed 
from 117-118° to 143-145°. Three further recrystallizations from 
5, 3, and 1.5 per cent solutions lowered the specific rotation to 
—59.2° and changed the melting point to 144-147°. The authors 
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give —50.6° and 147-148° as the constants for /-menthoxyacetyl- 
d(—)-alanine. Also in the above six recrystallizations the yield 
dropped from 66.4 to 2 gm. Consequently the method was con- 
sidered impractical and the second procedure as described by 
Fischer (3) involving the use of the alkaloids brucine and strych- 
nine was tried. Fischer benzoylated the dl-alanine and first 
applied brucine for the isolation of the benzoyl-d(—)-alanine and 
then, by the conversion of the benzoylalanine regenerated from 
the mother liquor into the strychnine salt, obtained the benzoyl 
derivative of the /(+)-alanine. Following Fischer’s instructions 
implicitly, we could not accomplish a resolution. In most cases 
the concentrations he specified proved to be too high and all of 
the brucine salt was thrown out of solution, no fractional crystal- 
lization taking place. Using less concentrated solutions we were 
able to separate the active forms but only at the expense of con- 
siderably reduced yields. 

However, when strychnine was applied first to the benzoyl 
derivative of dl-alanine, practically complete resolution took place 
after only one crystallization. The final product represented the 
natural alanine. Attempts to prepare a crystalline strychnine salt 
of benzoyl-d(—)-alanine yielded only sirups. On this depends our 
method for a complete separation with a minimum number of 
recrystallizations and high yields. Otherwise the details are essen- 
tially those given by Fischer. Fischer’s specific rotations of 
—9.68° and +9.55° for the active alanines in hydrochloric acid 
as compared to our values of —10.30° and +10.33° under similar 
conditions indicate that the separation of the two forms was more 
perfect in the method now given. 

The isolation of the active alanines from the active benzoyl 
derivatives involves hydrolysis by boiling 20 per cent hydrochloric 
acid. In the removal of the hydrogen chloride from the alanine 
hydrochloride the procedure has again been improved. Fischer 
used lead monoxide, precipitating the lead remaining in the fil- 
trate as the sulfide. Not only is this method cumbersome but 
in the two instances that we applied it the specific rotations of 
the alanines were lower than in the case of the alanines obtained 
from the same alanine hydrochlorides by the method we shall 
give below. Although racemization was not definitely proved to 
have taken place, there is reason to suspect that it did. Bene- 
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dict (4) has suggested the use of aniline for the removal of the 
hydrochloric acid. Application of this method is satisfactory 
except for consistently low yields. We have established experi- 
mental conditions favorable to larger yields. If followed closely 
they give alanine from the hydrochloride in yields of 90 per cent 
or better and without racemization. 

The suspicion that the prolonged boiling of the benzoyl deriva- 
tive in 20 per cent hydrochloric acid required for complete hydroly- 
sis might affect the optical activity of the molecule was proved 
erroneous. When active alanine was subjected to the above con- 
ditions for 24 hours, it retained its original activity. However, 
the heating of the alanine hydrochloride solution with lead mon- 
oxide and subsequent treatment with hydrogen sulfide may cause 
partial racemization. In one case the specific rotation of a sample 
of d(—)-alanine dropped from —10.30°, when prepared from its 
hydrochloride by the aniline method, to —8.55° when set free 
from the same hydrochloride by the lead oxide method. The 
purity of the latter product was proved by electrometric deter- 
mination of the equivalent weight. In order to prove that par- 
tial racemization had taken place, an attempt was made to ben- 
zoylate this alanine (—8.55°) and resolve the product by means 
of strychnine. This led to a benzoylalanine that had a rotation 
of 0° instead of the expected approximate —30°. Another sample 
of the same alanine was benzoylated and its derivative showed a 
specific rotation of —10.5°. The purity of this derivative was 
checked by electrometric titration and the equivalent weight was 
found within 0.2 per cent of the theoretical. Since the specific 
rotation of the pure d(—)-alanine is —10.30° and that of its ben- 
zoyl derivative is —37.0°, it is seen that an alanine (—8.55°) con- 
sisting of 8.5 per cent of the 1(+) and 91.5 per cent of the d(—) 
form has given rise to a benzoy] derivative (0°) that is completely 
racemized in one case, and to a benzoyl derivative (—10.5°) that 
represents a mixture of 35.9 per cent of the /(+-) and 64.1 per cent 
of the d(—) form in the other case. Two more experiments were 
set up for the determination of the effect of time on the racemiza- 
tion during benzoylation. After } hour in the benzoylating 
medium an alanine sample that had been obtained from a benzoyl- 
alanine with a specific rotation of —37.13° yielded a benzoyl- 
alanine with —33.9°. In a second experiment, a sample of the 
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same alanine after 5 hours under similar conditions gave rise to a 
benzoyl derivative with a specific rotation of only —30.3°. The 
purity of both samples of benzoylalanine was tested by titration 
with 0.1 N potassium hydroxide solution in the presence of phenol- 
phthalein and found to be correct to within 0.5 per cent. Thus 
again we have evidence of racemization during benzoylation. A 
thorough study of the conditions of the above effect was not made 
and no explanation of the varying loss of optical activity is forth- 
coming. However, the actual isolation of a positively rotating 
benzoyl derivative from the second experiment through the strych- 


TABLE | 


Effect of Concentration of Active Benzoylalanine on Specific Rotation* 


[a], 9 1/log [e]p “ cs [al l/g 4 oD - 4/8’ 
de grees 
—34.8 0.2703 0. 6486 0.0000 3.700 0.000 
+35.2 0.3020 0.6466 0.0020 3.311 0.389 0.194 
—35.4 0.3165 0.6456 0.0030 3.160 0.540 0.180 
+35.7 0.3502 0.6440 0.0046 2.855 0.845 0.184 
+36.0 0.3888 0.6426 0.0060 2.572 1.128 0.188 
— 36.6 0.5165 0.6396 0.0090 1.936 1.764 0.196 
+-37.1 0.6681 0.6371 0.0115 1.497 2.203 0.191 
Average 0.189 


* The rotation of a quantity (g) of benzoylalanine is calculated from the 
equation, n = (3.700 — 1/g)/0.095, where n represents the change of rotation 
in 0.1° units over the value of Jalp = 34.8 


nine salt definitely proves that racemization did take place. It 
has long been known (5-9) that the acetyl derivatives of the amino 
acids racemize in varying degrees during their formation. How- 
ever, we believe that this is the first observation of racemization 
during benzoylation of an active amino acid. 

Finally we have observed that the specific rotation of the active 
benzoylalanine is a function of the concentration, the plot of 
1/log [a] against 1/g being apparently linear. These relations 
may be seen from Table I. 

In all instances samples (g) of pure d(—)- or /(+)-benzoyl- 
alanine were dissolved in the equivalent quantities of 1 N potas- 
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sium hydroxide solutions diluted to 10 ec. and the rotations in a 
1 dm. tube were observed. The maximum values of about +37.0° 
were obtained for 6 to 7 per cent solutions. Fischer’s values of 
+37.0° were recorded for 10 per cent solutions, again indicating 
a better separation with our method. Concentration apparently 
has no significant effect on the specific rotation of alanine itself. 


EXPERIMENTAL 


Preparation of dl-Alanine—The method of Kendall and MeKen- 
zie (1) with acetaldehyde, sodium cyanide, and ammonium chlo- 
ride was employed with good results. However, we applied 
aniline (4) for the liberation of the alanine from the hydrochloride. 
This considerably shortens the time of preparation and gives 
better yields than those obtained by the lead oxide method. 

Preparation of Benzoyl-dl-Alanine—Benzoylation with benzoyl 
chloride in the presence of excess sodium bicarbonate was carried 
out exactly as described by Fischer (3). The yield depends on 
the thorough mixing of the benzoyl chloride and the aqueous 
solution of the alanine. Vigorous mechanical stirring for a period 
of 2 hours was found to be effective. For large scale preparation 
it is advisable to use a continuous extracting apparatus for the 
removal of the main quantity of the benzoic acid. 

Preparation of Benzoyl-l(+)-Alanine—To a hot solution of 
268 gm. of benzoyl-dl-alanine in 6 liters of water there were added 
464 gm. of strychnine. The clear solution was allowed to stand 
at 0° for 1 day. During this time 342 gm. of the strychnine salt 
of the benzoyl-/(+)-alanine crystallized in the form of well 
developed plates. The mother liquor was saved for the prepara- 
tion of the d(—)-alanine. The salt was recrystallized from 4 
liters of hot water; yield, 278 gm. (75.9 per cent). From the 
filtrate, on concentration, an additional quantity of 32.7 gm. 
(8.7 per cent) of pure strychnine salt was obtained. 

For the isolation of the benzoyl-l(+)-alanine, 246 gm. of the 
strychnine salt were dissolved in 2 liters of boiling water and the 
solution was treated with 388 cc. (1 mole) of 1.256 N potassium 
hydroxide solution, with vigorous stirring. The strychnine was 
then removed by filtration and 345 cc. of 1.396 N hydrochloric acid 
were added to the ice-cold filtrate. The solution was concentrated 
in vacuo to 250 ce. and then cooled to 0°. Pure benzoyl-l(+)- 























340 Resolution of Synthetic Alanine 


alanine separated out in gable-shaped crystals; yield, 77.2 gm. 
(86.6 per cent). The crystals melted at 148° and had [a]”® = 
+37.12° (0.6681 gm. of substance dissolved in 10 ce. of equivalent 
potassium hydroxide solution; 1 dm. tube; rotation, 2.48° to the 
right). 

Preparation of Benzoyl-d(—)-Alanine—The mother liquor of 
the crystalline strychnine salt of the benzoyl-/(+)-alanine was 
concentrated in vacuo from 6 liters to 1.7 liters, at which point it 
began to become sirupy. This solution should contain approxi- 
mately 380 gm. of the strychnine salt of the impure benzoyl- 
d(—)-alanine, corresponding to about 140 gm. of impure benzoyl- 
d(—)-alanine. The latter would require 338 gm. of brucine 
tetrahydrate (1:1 mole). Therefore, the strychnine was split off 
by addition of 800 cc. of 1 N potassium hydroxide solution to the 
1.7 liter solution and removed by filtration. The filtrate was 
treated with 800 cc. of 1 N hydrochloric acid, and then 345 gm. 
of brucine tetrahydrate were added to the hot solution, which, 
on cooling at 0°, deposited the crystalline brucine salt of the 
benzoyl-d(—)-alanine; yield, 359 gm. (88.2 per cent). The sub- 
stance is quite pure; recrystallization is unnecessary. 

In order to obtain the free acid the brucine salt (292 gm.) was 
dissolved in 880 ce. of hot water, the brucine split off with 400 ce. 
of 1.25 N potassium hydroxide solution, filtered at 0°, and the 
solution treated with 366 cc. of 1.396 N hydrochloric acid. Crys- 
tals of the benzoyl-d(—)-alanine began to separate after 10 min- 
utes. These were filtered off, the filtrate was concentrated 
in vacuo to 200 cc., cooled, and the crystalline product separated 
by filtration; total yield, 77.5 gm. (81 per cent) of pure benzoyl- 
d(—)-alanine with a melting point of 148° and [a] = —36.9° 
(0.7533 gm. of substance dissolved in 10 cc. of an equivalent 
quantity of potassium hydroxide solution; 1 dm. tube; rotation, 
2.78° to the left). 

Preparation of l(+-)- and d(—)-Alanine—The hydrolysis of the 
respective benzoy] derivative was carried out by heating the sub- 
stance with 5 volumes of 20 per cent hydrochloric acid in an open 
flask that was equipped with a suitable cooler suspended in the 
air space of the flask. On cooling of the solution the benzoic acid 
separated out in a crust which was removed by several extractions 
with ether. The aqueous acid layer was then evaporated in vacuo 
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to a solid. Experiments carried out under various conditions 
showed that the precipitation of alanine from the hydrochloride 
in alcoholic solution by means of aniline was practically quantita- 
tive provided that no free hydrochloric acid or water was present. 
It was, therefore, necessary to dissolve the solid residue repeatedly 
in ethyl alcohol, the solution being evaporated to dryness each 
time. Finally the alanine hydrochloride was dissolved in 6 times 
its weight of 95 per cent ethyl alcohol, and then about 2 moles 
of freshly distilled aniline were added to the solution. The pre- 
cipitation of the alanine was completed at 0°. The product was 
washed with ethyl alcohol and finally with ether; yield, over 90 
per cent. The 1(+)-alanine showed [a] = +10.33° (0.4329 
gm. of substance dissolved in 10 ce. of 1 N hydrochloric acid; 


TABLE II 


Rotation of 2 Gm. of l(+)-Alanine in 50 Cc. of Boiling 20 Per Cent Hydro- 
chloric Acid; 2 Dm. Tube 














Time | ay [elo 
hrs. os sae degrees ie 
0 +0.90 " +8.55 
1 +0.90 +8.55 
, +0.90 +8 .55 
7 | +0.88 | +8.35 


24 +0.90 +8.55 





1 dm. tube; rotation, 0.63° to the right), and the d(—)-alanine 
had [a]?? = —10.30° (0.4413 gm. of substance dissolved in 10 ce. 
of 1 n hydrochloric acid; 2 dm. tube; rotation, 1.28° to the left). 

In order to test the effect of boiling 20 per cent hydrochloric 
acid on the optical activity of alanine, 2 gm. of slightly racemized 
l(+)-alanine were refluxed in 50 cc. of the acid. Samples were 
taken out at certain intervals of time and rotations observed in a 
2 dm. tube. The samples were returned to the flask and the 
boiling continued. The results are given in Table LI. 

It is obvious that no racemization occurred under these con- 
ditions. 

SUMMARY 

An improved method of resolution of synthetic alanine into 

the active components is given. The yields are much higher than 
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any previously reported and the time and labor of preparation 
are also considerably cut down. 

Racemization studies show that active alanine is perfectly 
stable to boiling 20 per cent hydrochloric acid, whereas benzoyla- 
tion does attack the asymmetric center. 

The specific rotation of the benzoylalanine is a function of the 


concentration. 
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We reported our first crystalline beef liver catalase to have a 
Kat. f. of 42,000 (1). Later, we obtained values of about 28,000 
(2), and still later, values from 30,000 to 35,000 (3). Theorell (4) 
reports, “It is now definitely established that the liver catalase 
from cattle, crystallized according to Sumner et al., gives an 
activity value of Kat. f. = 30,000, while the pure catalase from 
horse liver possesses an activity which is twice as large.’’ Von 
Euler and Josephson (5) reported one value of 42,000 for non- 
crystalline horse liver catalase in 1927, and Agner (6, 7)' has 
reported values ranging from 55,000 to 63,000 for his best horse 
liver catalase preparations, which were non-crystalline. Dounce 
and Frampton (8) found their first horse liver catalase preparation 
to have a Kat. f. of 50,000 to 55,000. Later on, crystalline horse 
liver catalase was found to have Kat. f. values from 30,000 to 
40,000. 

In view of these variations in ‘‘capability” we have undertaken 
to prepare a number of samples of crystalline beef liver catalase 
by the method of Sumner and Dounce, using dialysis for crystal- 
lization (3), of crystalline horse liver catalase by an improved 
method, and of non-crystalline horse liver catalase by Agner’s 
method (6). Two of the Agner preparations have been subse- 
quently crystallized, both before and after adsorption on trical- 
cium phosphate in the Tswett column, and we have been inter- 


' Owing to a misunderstanding of his dry weight determination, we have 
done Agner an injustice in claiming that his figures showed a Kat. f. of 
38,000 instead of 28,000 for a joint determination with one of us (3, 6) of 
the Kat. f. of crystalline beef liver catalase. The latter figure should stand. 
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ested in the observation that the increase in Kat. f. brought 
about by crystallizing the material previous to adsorption is 
practically the same as that brought about by adsorbing the 
material in the Tswett column. Crystallization of the adsorbed 
material does not bring about a measurable change in Kat. f. 

We have found a wide variation of Kat. f. values of the various 
preparations of horse liver catalase, whereas the crystalline beef 
liver catalase has usually ranged in Kat. f. values from 30,000 to 
35,000. We have been unable to obtain horse liver catalase by 
the Agner method of Kat. f. value higher than 32,000. One 
sample prepared by the Agner method, from frozen liver, gave 
Kat. f. of only 25,600. We have found that for a given sample 
of horse liver, the Kat. f. of the catalase prepared from it is the 
same within the limit of error of the determination, whether the 
catalase is prepared by the Agner method or by our improved 
method. 

Using our improved method, which will be described, we have 
been unable to obtain horse liver catalase of Kat. f. 50,000 to 
55,000, as first reported by Dounce and Frampton (8), although 
several times we have obtained values of about 40,000. 

In order to determine the homogeneity of the various catalase 
preparations, we have run diffusion experiments, using the Lamm 
diffusion cell (9), and have normalized the diffusion curves so 
obtained. We have found that two samples of crystallized horse 
liver catalase prepared by our improved method, of Kat. f. 
nearly 40,000, were completely homogeneous according to the 
diffusion method, and that another sample of horse liver catalase, 
prepared in the same way, with Kat. f. of about 30,000, was also 
homogeneous. A sample of crystalline beef liver catalase of 
Kat. f. 35,000 was found to be nearly homogeneous by diffusion. 
Thus it appears improbable that the variation in Kat. f. is caused 
by gross contamination of the catalase with some other protein. 
Figs. 1 and 2 show the ideal diffusion curve and the points of the 
normalized curves obtained from the line displacement curves for 
one sample of horse catalase and a sample of beef catalase. 

The diffusion constants for horse and beef liver catalase, cor- 
rected to 20°, are given in Table I. Sumner and Gralén (10) 
reported a diffusion constant at 20° for crystalline beef liver 
catalase of 4.1 XK 10-7, and a molecular weight by the ultra- 
centrifuge of 248,000. Agner (6) reported a diffusion constant 
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Fig. 1. Normalized diffusion curve for horse catalase. The curve is 
ideal; the points are experimental values. 

















Fig. 2. Normalized diffusion curve for beef catalase. The curve is 
ideal; the points are experimental values. 
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for horse catalase of 4.3 X 10-7 and an ultracentrifuge molecular 
weight of 225,000. Our new diffusion constants for both horse 
and beef liver catalase are approximately 4.5 xX 10-7. This 
would change the ultracentrifuge molecular weight of beef catalase 
from 248,000 to 225,000.2. The molecular weights, calculated 
from the Stokes-Einstein formula with the new diffusion constants 
alone, are given in Table I. The wide divergence between these 
values and the ultracentrifuge molecular weight is of interest. 


TABLE | 
Diffusion Constants for Horse and Beef Liver Catalase 


mI Besse cntaiges, | Boel cctsiam 
Denne mathe. Dounce method, Sumner-Dounce 
euiee erweteliined four times _ method, four 
cekiive | Getues [Mon epgemen 
Time (X 10‘), see. $.89 6.95 5.04 6.34 5.88 6.79 
Dae (X 10-7)* §.23 | 5.12 | 5.13 | 5.18 
Dsy° (X 10°-7)* 4.76 4.76 
Dag (X 10-7)F $.58 | 4.48 | 4.49 | 4.53 | 4.46 | 4.46 
Radius (X 10-7)T 4.65 1.74 +.74 1.73 1.77 4.77 
Particle weightt 348 , 000 368 , 000 368 , 000 366,000 375 000 375,000 


* Corrected for viscosity of solvent. 

+ Calculated on the assumption that D = k7T'/6xnr, where k is the Boltz- 
mann constant, 7 is the absolute temperature, 7 is the viscosity of the 
solvent, and r is the radius of the particle. 

t Calculated assuming spherical particles, by the equation M = 
(4/3)xr*pN, where M is the particle weight, r is the radius of the particle, 
p is the density of the protein (calculated from the value of Sumner and 
Gralén for the partial specifie volume of beef catalase), and N is Avogadro's 


number. 


In addition to determining the Kat. f. of all our preparations, 
and the diffusion curves for four of them, we have analyzed twelve 
samples for hemin iron, iron accompanying the blue material 
that is split off with the hemin by means of acetone and HCI (3), 


? Obtained by the equation M = kTS.9°/(Doo(1 — pyw)), where M is the 
particle weight, & is the Boltzmann constant, 7 the absolute temperature, 
Sao the sedimentation constant at 20°, Dooe the diffusion constant at 20°, 
p, the density of water at 20°, and v the partial specific volume of the 
protein. 
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total iron, and hemin by rough colorimetry. Table II shows 
the results of these analyses except for the hemin, which is not 
included. Hemin determined by colorimetry agrees approxi- 
mately with hemin calculated from hemin iron. 

The total iron of catalase samples from which all of the protein 
ferritin (11) has been removed is about 0.09 per cent. Some of 
our values for total iron of horse catalase are too high, owing to 
incomplete removal of ferritin. Since the latter protein contains 
about 20 per cent of iron, an amount not exceeding 0.5 per cent 
would nearly double the value of 0.09 per cent for iron in catalase. 
Theorell (4) states, ‘“Cow-liver catalase can evidently not be freed 
from iron impurities by crystallization, and its composition is not 
completely clear.” We know of no evidence to support this 
statement, and have not obtained high iron values for carefully 
crystallized beef liver catalase, or indications of the presence of 
ferritin. 

Some of our iron values are too low. We have found that 
this is caused by incomplete solution of the iron following dry 
ashing of the sample. We have obtained no low values using a 
combined wet and dry ashing with sulfuric and nitric acids. 

Agner (7) reports that his best horse catalase samples with 
Kat. f. values of 60,000 to 63,000 when analyzed according to 
our procedure contain 83 per cent of hematin iron, 7 per cent of 
iron remaining in the protein, and 10 per cent of “blue iron,” or 
iron left in the mother liquor. We have not yet made precise col- 
orimetric determinations of the blue substance, but we have noticed 
that there is more blue produced by the action of acetone-HCl 
on catalase of low activity than on catalase of high activity, 
judging by eye. 

From all these facts, we conclude that catalase may exist as 
several different compounds, similar with respect to protein 
in any one species, but different with respect to the number of 
hematin residues and precursors of the blue substance per protein 
molecule, as postulated in Table III.* Our results can be equally 
well interpreted by assuming the presence of all these catalase 


3 Lemberg suggested this possibility to us in a private communication. 
We had been considering it for some time before this. We wrote about it to 
Stern and he has discussed the hypothesis (12) without referring it either to 
Lemberg or to us. 
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types, or simply by assuming the presence of completely active 
Type A and completely inactive Type E in varying proportions. 
Type E would be analogous to pseudohemoglobin (13, 14). 


Hypothetical Catalases 


TaBLe III 
































Type of catalase a Hematin residues ee ~~~ 
A 60, 000 4 0 
B | 45,000 3 1 
C 30,000 2 2 
D 15,000 1 3 
E | 0 0 4 
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Fic. 3. Ratio of “blue iron’’ to hemin iron, plotted against Kat. f. 
The points are experimental; the curve theoretical. 


We have calculated the ratios of ‘blue iron’’ to hemin iron for 
our various preparations, and have plotted these values against 


the Kat. f. of the sample. 


This is shown in Fig. 3 in which the 


curve indicates the theoretical curve that one would obtain by 
assuming the Kat. f. of pure Catalase A to be 60,000 and that of 
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pure Catalase E to be 0. The points indicate our results. The 
agreement is fair, in view of the fact that our analyses are of a 
semiquantitative nature. If this hypothesis is correct, the 
hematin is the only functional prosthetic group. 

The precursor of the blue substance presumably is a biliverdin- 
iron complex, since Lemberg (15) has recently isolated biliverdin 
from crystalline beef liver catalase. It is assumed to be produced 
through the opening up of a hematin ring with the loss of one 
—CH= group. This might result from enzyme action in the 
liver of the animal before or after death, since a liver enzyme has 
been reported (16) which is capable of converting hematin to 
biliverdin, as well as a copper-activated enzyme of erythrocytes 
(17) which catalyzes the formation of pseudohemoglobin. On the 
other hand, it might occur in the process of preparation of catalase. 
It is of interest to note that frozen liver yielded catalase of the 
lowest “capability” that we have recorded, but, on the other hand, 
one particularly fresh sample yielded catalase of Aat. f. 32,000 
and not 60,000 as might have been expected. A liver from a colt 
gave catalase of about the same activity as that from an older 
animal. 

Our work, as well as the work of Lemberg, shows that ionic 
iron accompanies the blue substance. We do not believe that 
this iron belongs to a group of “iron impurities,” 7.e. ferritin, 
as Theorell (4) and Agner (7) evidently think. 


EXPERIMENTAL 


Preparation of Crystalline Horse Liver Catalase—At least 3 
kilos of horse liver are ground about ten times in an electric meat 
grinder. 300 gm. portions are extracted with 400 ec. portions of 
40 per cent dioxane. The suspension is transferred to a pail and 
is allowed to stand at room temperature for about 6 hours. It is 
then filtered at room temperature through 34 em. Schleicher and 
Schiill No. 595 fluted filters, and is next thoroughly chilled in the 
ice box. Since liver contains about 71 per cent of water, the 
extract at this point is about 26 per cent dioxane. 

After the extract has cooled in the ice box for 2 to 3 hours, 23.3 
ec. of dioxane are added for every 100 cc. of extract, with constant 
stirring. This brings the concentration of dioxane, which has 
been diluted by the water in the liver, back to about 40 per cent. 
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The material is next allowed to stand in the ice chest from 6 to 12 
hours. If it is allowed to warm to room temperature, much of the 
catalase may be lost by denaturation. The precipitate which 
has formed is next filtered off in the ice box, through fluted filters, 
and refiltered until the filtrate is practically clear. The precipi- 
tate is discarded. 

Now one adds with stirring 11.1 ec. of dioxane for every 100 ce. 
of filtrate, and the material is allowed to stand in the ice chest 
for 3 hours, not longer. The concentration of dioxane is now 
about 46 per cent, and a large part of the catalase has been pre- 
cipitated. The precipitate is filtered off through fluted filters 
with refiltering until a clear filtrate is obtained. This filtration 
also must be carried out in the ice box. When the material is 
nearly all filtered, the liquid remaining in the filters is poured 
upon a new filter paper in order to hasten the filtration. 

When the precipitate on the filter papers is well drained from 
mother liquor, the filter papers are taken out one at a time, spread 
out on blotter paper or other porous paper, and the precipitate 
is quickly scraped off with a spatula and is placed in enough water 
to form a thin cream. This operation must be done quickly. 
It is worth while to open the filter papers upon a cold surface. 

The thin cream which has been formed is now filtered and re- 
filtered until a clear filtrate is obtained; this contains catalase 
and impurities, among which are ferritin, arginase, and a little 
hemoglobin. A large amount of glycogen may be present, giving 
the solution a muddy appearance. This may be destroyed by 
the addition of a little saliva. 

The solution is now dialyzed in the ice chest for 36 hours against 
several changes of distilled water. The precipitate which forms 
is filtered off, and one adds to every 10 ce. of filtrate 6.0 ec. of 
saturated ammonium sulfate. This precipitates the ferritin. 
After standing for an hour or two in the ice box, the material is 
filtered, and to every 10 cc. of filtrate one adds 6.0 cc. more of 
saturated ammonium sulfate. This precipitates the catalase. 
The precipitated catalase is now centrifuged down and the su- 
pernatant liquid is discarded. The precipitate is suspended in 
just enough water so that it can be transferred to a small dialysis 
sac. The paste is then dialyzed against many changes of distilled 
water for 36 hours. During this time, salts diffuse out and the 
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catalase dissolves, to give a very dark brown or black solution, 
which later on may deposit a small amount of impurity. After 
the dialysis, any precipitate which has formed is centrifuged off 
and the supernatant solution is adjusted to about pH 6.0 by the 
addition of a very small amount of strong (10 per cent) phosphate 
buffer. It is essential to keep the concentration of catalase high 
by avoiding much dilution. Next, one adds gradually and with 
stirring 2.0 gm. of solid ammonium sulfate to every 10 cc. of 
solution, and finally enough dioxane to make the solution 3 
per cent with respect to dioxane. Now the material is cooled in 
the ice chest, and saturated ammonium sulfate is added, a few 
drops at a time, every half hour until crystallization occurs, which 
may be detected by the silkiness produced on stirring the solution. 
If any amorphous precipitate forms before the appearance of 
silkiness, it should be centrifuged off, since it is ferritin and will be 
hard to remove later. 

It is best to take about 2 days for the first crystallization, since 
otherwise the needles that form are so tiny as to be practically 
invisible under the high power microscope. In any case, the 
very small needles that form during the first crystallization are 
hard to centrifuge down and may require from 2 to 3 hours, with 
cooling at 20 minute intervals. 

To recrystallize, the supernatant is drawn off from the centri- 
fuged crystals, and just enough water is added to form a paste 
with the crystals that can be transferred to a dialysis sac. The 
material is then dialyzed for 36 hours, and any precipitate that 
remains is centrifuged down and discarded. From now on, the 
procedure is exactly the same as described for the first crystal- 
lization. 

If just the right amount of ammonium sulfate has been added, 
and the solution is allowed to stand overnight, rather large crystals 
can be obtained from the first or second recrystallization. These 
crystals are either extremely thin long needles, or thin long plates. 
Some are shown in Fig. 4. 

It is of interest that the ‘‘thryxotropy”’ or silkiness produced by 
stirring the crystals is a much more sensitive test than microscopic 
observation with direct illumination for deciding whether crystal- 
lization has commenced. 

As far as we know, it is not possible to crystallize horse liver 
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catalase without the addition of enough dioxane to give a 3 per 
cent solution. Less dioxane will not work well, while more 
results in denaturation of the catalase. Why this should be so, 
we cannot say. Even several times recrystallized horse liver 
catalase seems to require dioxane for recrystallization. Horse 
catalase, unlike beef catalase, cannot be recrystallized by dialysis, 
since it is too soluble to precipitate. 

Preparation of Horse Liver Catalase by Agner’s Method—-We 
first employed the method exactly as described by Agner (6). 
Later we found that his dilutions before precipitating the catalase 
with ammonium sulfate and with alcohol were excessive, and we 
therefore used only one-half these dilutions. Our yield was 





Fic. 4. Crystals of horse liver catalase; 300 


nearly the same as Agner’s. About the same amount of once 
crystallized horse liver catalase is obtained by our method. 

Agner does not state how he filters the original water extract 
of horse liver, or how long this requires. We have generally found 
it necessary to filter for nearly 2 days in order to obtain sufficient 
extract. It is possible that during this process, enzyme action 
disrupts some of the catalase hematin with the production of a 
considerable amount of the precursor of the blue substance. 

Horse liver catalase is a difficult enzyme to prepare in pure 
condition, in contrast to beef liver catalase which can be prepared 
by anyone who makes use of the method of dialysis for erystalliza- 
tion already described by us (3). The method of Agner is some- 
what cumbersome and time-consuming, while our method is 
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difficult to describe in precise manner, since slight changes are 
sometimes necessary with individual samples. Neither of these 
methods appears to give yields as good as the yield of crystalline 
beef liver catalase. It might be best for anyone wishing to prepare 
crystalline horse liver catalase to start out by using Agner’s 
method up to the point of adsorption in the Tswett column, and 
then carefully to crystallize the material, using our method. 
This procedure has already been employed by Lemberg (15). 
The difficulty in our procedure is that the material must not be 
allowed to stand more than the specified time after addition of the 
dioxane, and must not be allowed to warm up to room temperature 
or denaturation will result. 

Determination of Total Iron, of Hemin Iron, and of Iron Accom- 
panying the Blue Substance—-We have run 5.00 cc. of thoroughly 
dialyzed horse liver catalase solution (or suspension, in the case 
of beef liver catalase) into 50 cc. of purified acetone containing 
1.0 ce. of concentrated HCl. The acetone must be pure enough 
so that no color is produced upon addition of HCI to it. From 
this point on, the separation of the hemin by vacuum distillation 
of the acetone, after the protein residue is carefully washed with 
acetone, has already been described (3). Total iron and iron in 
the hemin and blue substance have been determined by the 
method of Stugart (18), in which a combined wet and dry ashing 
with sulfuric and nitric acids is used. 

We have found that all the “blue iron” is ionic, in the ferrie 
state. This may be demonstrated by extracting the blue material 
with isoamyl! alcohol, which removes it quantitatively from the 
water layer. This procedure was discovered by Dr. Olive Hoff- 
man, working in this laboratory. The iron in the aqueous layer 
is then determined directly, by the method of Stugart (18). 

Determination of Diffusion Constants of Horse and Beef Liver 
Catalase, and of Homogeneity by Diffusion—-The measurements of 
the diffusion constants were made by using the refractive method 
of Lamm (9). A stainless steel diffusion cell similar to the one 
described by him was used for these studies. The values of the 
diffusion constants given in Table I were obtained by following 
the “analytical’’ method of calculations. 

Determination of the Kat. f. Values—-The method of von Euler 
and Josephson (5) was employed. K values were determined 
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at 3, 6, 9, and 12 minutes, and Ko was determined by extrapolation. 
The catalase must not be diluted until just before the analysis is 
made. For analysis, thoroughly dialyzed samples were used. 
Since dialysis causes beef catalase to crystallize, a suspension is 
made and the required amount of this is pipetted into about 5 ce. 
of water, to which is then added enough NaCl to make the solu- 
tion 10 per cent, and also a few drops of pH 7.4 phosphate buffer. 
The dissolved catalase is then diluted as required. An aliquot 
of the original suspension is used for the dry weight determination. 
Since horse liver catalase remains soluble after prolonged dialysis, 
this preliminary solution of crystals before dilution is not required. 
For most reproducible results, Ko should lie between 0.025 
and 0.04. 


SUMMARY 


1. The Kat. f. or “capability” of crystalline beef liver catalase 
has been found to vary from 28,000 to 35,000, while that of 
crystalline horse liver catalase has been found to vary from 22,000 
to 55,000. 

2. The Kat. f. of various catalase preparations has been found 
to follow inversely the ratio of ‘‘blue iron” to hemin iron. This 
leads us to consider as possible the hypothesis that catalase 
activity depends upon the number of hematin groups in the 
molecule, and that the blue substance represents changed hematin 
prosthetic groups which result in lowering the activity. This 
hypothesis has been independently suggested by Lemberg in a 
private communication. 

3. The total iron of horse and beef liver catalase is about 0.09 
per cent. The total iron is equal to the sum of the hemin iron 
and the “blue iron.” 

4. Three samples of crystalline horse liver catalase of differing 
Kat. f. values have been shown to be homogeneous by diffusion. 
One sample of crystalline beef liver catalase has been shown to be 
nearly homogeneous by diffusion. The diffusion constant of both 
beef and horse liver catalase is 4.5 K 1077 at 20°. 

5. Preparation of horse liver catalase by the Agner method, 
starting with a given sample of liver, has been found to yield 
catalase of the same Kat. f. as that obtained by our method. The 
Agner catalase can be crystallized before or after adsorption on 
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tricalcium phosphate in a Tswett column. The increase in Kat. f. 
produced by adsorption is practically the same as that produced 
by erystallizing the unadsorbed material. 


- KH bo 


15. 
16. 
17. 


18. 
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A RAT ASSAY METHOD FOR THE DETERMINATION OF 
RIBOFLAVIN* 
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The recognition of riboflavin as an essential dietary constituent 
has stimulated many attempts to develop a reliable animal assay 
method for this vitamin. Such an assay requires the development 
of a ration deficient in riboflavin but adequate in all other factors 
required by the experimental animal. Bourquin and Sherman 
(1), Munsell (2), Gyérgy (3), Day and Langston (4), Supplee et al. 
(5), Hamilton and Mitchell (6), Randoin et al. (7), Lindholm (8), 
and Carlsson and Sherman (9) have proposed rations for the assay 
of riboflavin with rats. The earlier rations gave limited growth 
when supplemented with adequate riboflavin, suggesting a de- 
ficiency of other dietary factors. The rations proposed by the 
later workers have supported growth approaching 3 gm. per day. 
El-Sadr, Macrae, and Work (10) have proposed a ration which is 
said to maintain growth of 30 to 35 gm. per week when supple- 
mented with riboflavin. This ration has thus far been employed 
only in the assay of milk. 

Early studies in this laboratory (Elvehjem, Koehn, and Oleson 
(11)) resulted in the production of a ration (No. Ky) for the 
study of the vitamins of the Bcomplex. Frost and Elvehjem (12) 
showed this ration to be deficient in both riboflavin and factor W. 


* Published with the approval of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

This work was supported in part by a grant from the Wisconsin Alumni 
Research Foundation. 
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A later modification of this ration resulted in the reduction of the 
white corn to a level of 6 per cent, and it was shown that under 
these conditions the ration was deficient in vitamin Bs and panto- 
thenic acid (Black, Frost, and Elvehjem (13)) in addition to factor 
W and riboflavin. With the observations of these workers in 
mind we have prepared a ration which is extremely low in ribo- 
flavin and which supports normal growth when adequate riboflavin 
is added. This ration has been successfully applied to the de- 
termination of riboflavin in a wide variety of natural products 
(Table I). 

The butter fat for this ration is prepared by washing melted 
butter four times with hot water in a separatory funnel. Some 


TABLE I 
Riboflavin-Free Basal Ration Ku 








Dextrin | 65 parts 

Casein (Labco) : | ies, 

Salts I.. . = 

White corn.... Te 

Butter fat... ei | ae 

Cod liver oil ' ; 2 « 

Corn oil... 2 
Thiamine* , i 200 y per 100 gm. 
Vitamin Be*. . aa et se" ~*~ we * 
Nicotinic acid... . ; 2500 “ * 100 “* 


Riboflavin-free liver extract. . <=4% of starting material 








* We are indebted to Merck and Company, Inc., for generous supplies of 
vitamin B, and vitamin Be. 


variation in the fat content of the ration is permissible. Excel- 
lent growth is obtained when 5 per cent butter fat is used and the 
corn oil is omitted. However, after several months upon this 
ration some evidence of a Burr deficiency (14) is obtained. Simi- 
larly excellent growth is obtained when the butter fat is omitted 
and either 3 or 5 per cent corn oil is used. Salts I have been 
described by Phillips and Hart (15). 

The basal ration containing the proper amounts of dextrin, 
salts, white corn, and casein plus the thiamine, nicotinic acid, 
and vitamin Bs may be prepared in bulk and may be stored safely. 
The liver concentrate, cod liver oil, and fat should be added to 
each week’s supply. 
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Preparation of Riboflavin-Free Liver Extract—Suitable starting 
materials for this extract are liver powder (No. 1-20) or liver 
Fraction B (The Wilson Laboratories). Other liver preparations 
have yielded less suitable concentrates. The latter product is a 
desiccated water-soluble powder obtained as a by-product in the 
concentration process for pernicious anemia preparations. The 
former product represents a 20-fold concentration of whole liver. 

600 gm. of either of these fractions are dissolved in 300 ce. of 
hot water. The heavy viscous fluid is then extracted four times 
with n-butanol, a total volume of 5 liters being used for the 
extractions. It is essential that the liver fractions be homo- 
geneously dissolved in the water, since extraction of the dry powder 
yields a concentrate with very little activity. The wet butanol 
extracts are clear and deep brown in color. The residue may be 
discarded. The combined butanol extracts are then concentrated 
in vacuo; small amounts of water should be added to the flask 
from time to time to keep the solids in solution and to insure the 
removal of the last traces of butanol. The aqueous concentrate 
after removal of the butanol is then made up to 1200 ce. 30 gm. 
of English fullers’ earth are now added and the preparation is 
made strongly acid to Congo red with 6 N HCl. The material is 
shaken for } hour on a mechanical shaker and then filtered with 
suction. The filtrate is then treated twice more in the same man- 
ner with 30 gm. portions of the fullers’ earth. The fullers’ earth 
adsorbates containing the riboflavin are then combined and 
washed with 1 liter of 0.01 N HCl. The washings are combined 
with the fullers’ earth filtrate and the whole is concentrated in 
vacuo to a volume of 300 ce. It is then made alkaline to phenol- 
phthalein with NaOH, and the white amorphous precipitate which 
forms is filtered off and discarded. A layer of the filtrate 0.5 
inch deep is then irradiated in an ice-cooled dish for 3 hours with 
the light from a frosted 150 watt bulb. The irradiated filtrate is 
then adjusted to pH 4 to 5 with HCl and stored under toluene in 
the refrigerator. 

The efficiency of this procedure for the removal and destruction 
of riboflavin from liver extract is attested by the fact that one of 
the original liver extracts (Fraction B) contained 375 y¥ of ribo- 
flavin per gm. when assayed by the microbiological method of 
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Snell and Strong (16), while the final concentrates contain less 
than 0.05 y per gm. of the starting material when assayed by the 
same procedure. Since the liver concentrate is fed at a level of 
4 per cent in the ration, it will be apparent that the experimental 
animals receive less than 0.2 y of riboflavin per 100 gm. of ration 
from this source. 

Assay Procedure—For a reliable assay it is desirable to establish 
a calibration curve with pure riboflavin along with the material 
to be assayed. Young male albino rats weighing 40 to 50 gm. are 
fed the deficient basal ration ad libitum until a weight plateau is 
reached. This depletion period ranges from 3 to 5 weeks. When 
all of the animals have reached a satisfactory plateau (less than 6 
gm. growth in 2 weeks), they are placed in groups of three and are 
fed the supplements. A satisfactory calibration curve may be 
obtained when riboflavin is administered at levels of 3, 6, 9, 15, 
and 30 y daily. For administration the riboflavin is conveniently 
made up to a concentration of 30 y per cc. in 20 per cent alcohol, 
and is stored in a dark bottle in the refrigerator. The vitamin is 
pipetted into small individual supplement dishes and is usually 
consumed immediately by the animals. The unknown samples 
are usually fed at three levels. Materials high in riboflavin may 
be diluted by thorough mixing with a small amount of the basal 
ration. These materials may be weighed accurately into the 
supplement dishes, and the basal ration is removed until the 
supplements are consumed. 


Results 


The growth response to graded doses of riboflavin upon this 
ration is shown in Table II. It may be seen that the growth 
increments due to the vitamin are almost linear between 3 and 9 y. 
This is the most satisfactory range for the assay of unknown 
materials. The variation among individual animals in each group 
is also shown. Despite some variation in the individual rats, 
there is little overlapping of average daily gains between groups. 
The closely correlated responses to added riboflavin make it 
possible to obtain practical results with as few as three animals 
to a group. 

In the regular assay we use five groups of three rats upon 
different levels of riboflavin. A typical calibration curve is given 
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in Fig. 1. It may be seen that at the highest level of riboflavin 
growth of better than 4 gm. daily is obtained. 

Table III gives the riboflavin content of some natural products 
which we have assayed with our ration. We have compared the 
microbiological assay of Snell and Strong (16) with our bioassay 
and find good correspondence. The microbiological assay of 


TABLE II 
Growth Response of Riboflavin-Deficient Rats to Graded Doses of Flavin 


Variation in 








Daily d f . A daily Daily gai sa 
Mbsaaein ——No-of rats Serge sis. Subddavin’ ” | average dail 
Y : ' gm. = - 4 
3 4 0.89 0.30 0.52-1.66 
6 9 1.62 0.28 1.38-2.00 
8) 9 2.20 0.25 1.85-2.67 
15 6 2.96 0.20 2.71-3.37 
30 6 4.07 0.14 3.33-4 .76 
7 2 t a T 
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a4 ~ 
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Zz 
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O3L 
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ed B 4 
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wl a 4 

= 
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6 l2 8 24 30 
MIC ROGRAMS RIBOFLAVIN/DAY 

Fic. 1. A typical calibration curve from one series of animals. The 
riboflavin-free liver extract for these animals was prepared from Fraction B. 


riboflavin reported here has been performed according to the direct 
assay procedure suggested by Snell and Strong (16). In practice, 
the material to be assayed is finely ground, suspended in water, 
and autoclaved. A suitable aliquot of the fine suspension is then 
added to the basal medium for assay. Only with materials hav- 
ing a low riboflavin content on the basis of dry weight is there 
any considerable discrepancy between the two methods. The 
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large amounts of solid present in such samples render the direct 
assay undesirable and better results with the microbiological 
method are secured if the riboflavin is first extracted from the 
sample (Feeney and Strong, unpublished data). Contrary to the 
assumption of El-Sadr et al. (10), the animal assay of riboflavin 
reported by Snell and Strong (16) on skim milk powder has been 


TaB_e III 
Riboflavin Content of Some Natural Products 
A comparison of our rat assay method and the microbiological method 
of Snell and Strong. 


Rat assay, Ration Microbiological 


Sample Ka assay 

¥ per gm. ¥ per gm. 

Brewers’ yeast... _ 61.5 62.5 
Flavin Concentrate 3 2020 2000 
” - 6 , 4000 4000 
Liver extract, Fraction B 457 375 

Grass 8186 20 23.9 

“*  1104-9ZB ; | 25 24.1 

** —1130-9H.. | 20 24.4 

‘* =62121-6H 22 22.6 
Skim milk powder. ee 17 17 

Grass 1513-1 10 7.1 

«  1518-8.. 13 | 11.9 

Brewers’ grains.... , 2.5 4.5 


obtained by our animal assay procedure rather than by the 
method of Bourquin and Sherman (1). 


DISCUSSION 


El-Sadr, Macrae, and Work have recently proposed a ration 
for the assay of riboflavin which contains a charcoal filtrate of 
liver extract as a source of the vitamin B complex. This ration 
gives excellent growth when supplemented with riboflavin. 
However, the utility of this procedure for assay purposes has been 
demonstrated only with milk. Experience with norit filtrates of 
liver extract and yeast in this laboratory has shown that variation 
in the vitamin Bs, and pantothenic acid content of the filtrate 
may exist, depending upon the kind and amount of norit employed. 
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Variations in the pH also affect the degree of adsorption of vitamin 
B, and particularly of pantothenic acid upon norit. It seems likely 
that considerable care must be employed in the choice of condi- 
tions for adsorption of riboflavin if the procedure of the English 
workers is to be employed. 

The method which we have described in this publication has 
been employed with considerable success in the assay of natural 
products. It is not, however, to be considered a final assay pro- 
cedure for riboflavin, since later modifications of the ration may 
yield further improvements. The fullers’ earth filtrate of the 
butanol extract of liver fractions which we employ as a source of 
the filtrate factors has been shown to be sufficiently low in thi- 
amine, vitamin Bg,! and riboflavin to be employed as a source of 
filtrate factors in the assay of any of these three vitamins. On the 
other hand, the fullers’ earth filtrate is an excellent source of 
pantothenic acid, factor W, and perhaps other filtrate factors. 
Rats have been maintained upon this ration supplemented with 
adequate riboflavin for 8 months without the development of any 
obvious pathology. Males upon this ration achieve a final weight 
of approximately 275 gm. and females about 225 gm. Attempts 
at reproduction on this ration have yielded only partial success, 
for while some litters have been born, they have never been suc- 
cessfully reared by the mother. It seems likely that the ration is 
low in vitamin E and perhaps in the lactation factors described by 
the Japanese workers (17). 


SUMMARY 


A riboflavin-low basal ration suitable for riboflavin assays with 
the rat is described. Vitamin B;, vitamin Bs, and nicotinic acid 
are supplied in pure form and the remainder of the B complex is 
supplied in riboflavin-low liver extract. The method of preparing 
the concentrate is described. 

When this ration is supplemented with adequate amounts of 
riboflavin, normal rates of growth are obtained. With suboptimal 
amounts of riboflavin, the growth rate is proportionate to the 
amount of riboflavin fed. 


! Waisman, H. A., Henderson, L. M., and Elvehjem, C. A., unpublished 
data. 
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. Snell, E. E., and Strong, F. M., Ind. and Eng. Chem., Anal. Ed., 11, 346 
















Our comparison of the results obtained by this method and the 


microbiological method is given for a number of materials. 
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The purpose of the present paper is to define the potential losses 
and errors involved in the extraction and colorimetric assay of the 
urinary neutral 17-ketosteroids (“androgens’’). Procedures which 
largely eliminate these potential inaccuracies are described. 


Colorimetric Analysis 


A primary requisite for an accurate determination of the con- 
centration of a substance in an unknown solution by colorimetric 
analysis is that the color developed be qualitatively identical with 
the color produced by a sample of the same substance in pure solu- 
tion. In comparing the absorption spectra of the m-dinitroben- 
zene-alcoholic KOH reaction products of crystalline 17-keto- 
steroids in pure alcohol, on the one hand, and of the neutral fraction 
of urine extracts in alcohol, on the other, Callow, Callow, and 
Emmens (1) noted marked differences between the spectra of 
certain of the latter and of the crystalline hormones below 450 
mu. They were unable to estimate the light absorption at 520 
mu referable to the unidentified chromogenic material and thus 
to calculate the absorption specifically due to the 17-ketosteroids 
(see Fig. 1). They, therefore, viewed with suspicion results ob- 


* This work was supported by a grant from the Commonwealth Fund 
and aided in part by a grant from the International Cancer Research 
Foundation. 
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tained on urine extracts showing excessive light absorption at 420 
my. Furthermore, Langstroth and Talbot (2) have shown that 
the reaction involving neutral 17-ketosteroids may be appre- 
ciably influenced by the presence of such a reactive substance as 
testosterone, which is a A‘ unsaturated 3-ketosteroid. Their 
experiments furnish specific examples of the fact that the inter- 
fering chromogens not only may contribute to the light extinction 
at 520 my but also may interfere with the 17-ketosteroid color 
reaction. 
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Fig. 1. Extinetion-wave-length curves of the colored compounds formed 
with the m-dinitrobenzene-alcoholic KOH reagent by crystalline dehydro- 
isoandrosterone (Curve A), and by the crude fraction (Curve B), the ketonic 
fraction (Curve C), and the non-ketonic fraction (Curve D) of a repre- 
sentative urine extract. 


The experiments that follow were undertaken to define further 
and to eliminate such errors due to interfering substances in urine 
extracts. 

EXPERIMENTAL 


Extinction-W ave-Length Measurements—Fig. 1 presents repre- 
sentative extinction-wave-length curves of the m-dinitrobenzene 
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reaction product obtained respectively with, first, an alcoholic 
solution of crystalline androsterone (Curve A) and, second, with 
each of the three fractions of a neutral urine extract described by 
us in a previous communication (3); namely, the crude fraction 
(Curve B), the ketonic fraction (Curve C), and the non-ketonic 
fraction (Curve D). As has been shown previously (4), crystal- 
line 17-ketosteroids (Curve A) have a characteristic curve with 
a maximum at 520 and a minimum at 380 my. Inspection of 
Curve B reveals that the color formed by the crude urine extract 
differs definitely from that of Curve A. Instead of a continuous 
decline in light absorption from 520 to 380 mu, there is a decline 
only to 440 and an excessive extinction at 380 mz. On the other 
hand, the curve representing the ketonic fraction (Curve C) cor- 
responds much more closely to that given by androsterone (Curve 
A). Finally, the curve of the non-ketonic fraction (Curve D) 
shows an appreciable and increasing rise in light absorption from 
560 to 380 mu. This corresponds with the absorption noted in the 
crude fraction (Curve B) over the range from 440 to 380 mu. 

These spectroscopic analyses of the colors produced in the 
m-dinitrobenzene reaction by a crystalline 17-ketosteroid and by 
the crude, the ketonic, and the non-ketonic fractions of urine 
extracts have been extended and confirmed by a series of measure- 
ments made with a photoelectric colorimeter. Extinction co- 
efficients' were obtained with a green filter (maximum transmis- 
sion 520 my) and a blue filter (maximum transmission 420 my). 
In Fig. 2, the extinction coefficients obtained with the green filter 
are plotted as ordinates, while those obtained with the blue filter 
are plotted as abscissae. Line A is drawn through points ob- 
tained with various amounts of crystalline androsterone. Line 
B represents the mean for points obtained with the ketonic frac- 
tions of urine extracts. Because of the wide scatter, no line could 
be drawn through the points which represent the crude fractions of 
urine extracts. On the other hand, the points given by the non- 
ketonic fractions clearly describe Line C. 

The data of Fig. 2 show that the highest ratio (2.0) for Eg: Ez 
was obtained with pure solutions of crystalline 17-ketosteroids 

1 Eg and Ez represent the extinction coefficients obtained with the green 


and blue filters, respectively. The extinction coefficient is the log of the 
blank galvanometer reading minus the log of the test galvanometer reading. 
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(Line A). The ratio for the ketonic fractions, represented by Line 
B, averaged slightly lower (1.8). On the other hand, the average 
ratio obtained for the non-ketonic fractions (Line C) was much 
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Fic. 2. Extinction coefficients obtained on the colored compounds 
formed with the m-dinitrobenzene-alcoholic KOH reagent by crystalline 
dehydroisoandrosterone, androsterone, and isoandrosterone (Line A), the 
ketonic fractions of various urine extracts (Line B), and the non-ketonic 
fractions of the same urine extracts (LineC). The ordinates represent the 
extinction coefficients obtained with a green filter; the abscissae represent 
the extinction coefficients obtained with a blue filter. O represents points 
obtained for the crude neutral urine extracts. 


lower (0.48) than that obtained for either the ketonic or crystalline 
17-ketosteroid solutions. As would be expected, the points repre- 
senting the crude fractions are scattered between Lines B and C. 
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The foregoing extinction-wave-length measurements of the 
colors given by the various solutions in the m-dinitrobenzene reac- 
tion lead to the following conclusions. 

The colors given by solutions of the crude fractions are variable. 
This variability is apparently due largely to non-ketonice sub- 
stances which react with m-dinitrobenzene to give a color which 
differs from the characteristic 17-ketosteroid color. Therefore, it 
is to be expected that colorimetric assays made on the crude frac- 
tion will be subject to a variable error. It will not be feasible to 
devise a reliable method for correcting for the errors referable to 
interfering chromogens in crude extracts until they and their 
behavior in the m-dinitrobenzene-alcoholic KOH reaction have 
been further defined. 

The colors given by solutions of the ketonic fractions approxi- 
mate those given by pure solutions of crystalline 17-ketosteroids 
much more consistently than do solutions of the crude neutral 
extract. Therefore, the colorimetric assay should be more reliable 
when made upon the partially purified ketonic fraction. 

The fact that the colors given by solutions of the ketonic fraction 
are not always identical with the colors given by crystalline 17- 
ketosteroids suggests that the ketonic fraction contains either 
traces of non-ketonic chromogens or ketosteroids other than 17- 
ketosteroids. These other ketosteroids may, as shown by Callow 
et al. (1) and McCullagh, Schneider, and Emery (5), give colors 
in the m-dinitrobenzene reaction that differ significantly from the 
colors given by the 17-ketosteroids. 

Quantitative Accuracy—Previously published data (3) showed 
that known amounts of androsterone, dehydroisoandrosterone, 
and mixtures of the two ranging from 0.05 to 0.30 mg. per sample 
analyzed could be assayed with an error not exceeding +6 per 
cent. Subsequently in a series of eight determinations of the 17- 
ketosteroid content of a single urine extract, in which the samples 
analyzed varied from 0.05 to 0.2 cc., the variation was +3 per 
cent. 

In order to determine the consistency with which the a-17-keto- 
steroids? could be determined, 4 aliquots of a single urine sample 


* In this paper the term 8 fraction refers to the 3-8-hydroxyketosteroids 
which are precipitated with digitonin. For brevity and convenience the 
term a fraction refers to the remaining ketosteroids which are not precipi- 
tated with digitonin. 
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were precipitated with digitonin and the supernatant solution 
was assayed for a-17-ketosteroids. The results showed a varia- 
tion of +7 per cent from the mean. 

Previously published data show the average recovery of known 
amounts of androsterone, dehydroisoandrosterone (3), and estrone 
(6) in the ketonic fraction after treatment with Girard’s Reagent 
T to be 93 per cent. The poorest recovery was 85 per cent. 

Comparison of Results Obtained with Crude and with Purified 
Extracts—Table I gives data on the 24 hour excretion of total 


TABLE I 


Colorimetric Assay of Crude and Purified Extracts 











Neutral 17-ketosteroids, mg. per 24 hrs. 











U rine extract : eee 
No. Crude i | Ketonic (c):(b) Eg: Eg of (a) 
@) | (b) | ©) | 

1 ia | ws 0.7 0.70 | 0.83 
2 * a 1.3 0.5 0.38 | 0.90 
3 3.1 | 2.9 | 2.1 0.72 1.08 
4 4.1 | 3.8 | 2.6 0.69 1.00 
5 re ( 7.4 | 6.2 0.84 1.50 
6 27.4 27.4 20.0 0.73 1.43 
7 5.4 5.2 5.0 0.96 1.50 
8 6.4 6.2 5.4 0.87 1.57 
9 P27 7.8 8.0 1.03 1.70 
10 13.4 13.0 11.4 0.88 1.71 
11 27.0 27.0 26.6 0.99 1.83 
12 27.7 27.7 30.0 1.08 1.83 




















neutral 17-ketosteroids, determined on the crude and the ketonic 
fractions of urine extracts. Columns (a) and (6) present the 
values obtained on the crude fractions; column (b) includes the 
correction for crude non-reactive colored substances described 
in an earlier paper (3); column (c) gives the values for the ketonic 
fractions. Inspection of column (c):(b) reveals that in the first 
six urine extracts the differences between the ketonic and the crude 
values are greater than can be accounted for by probable losses in 
the Girard’s purification procedure and that the correction applied 
in column (b) is not adequate. The ratios of Eg: Eg, for the crude 
solutions of these same extracts indicate a relatively large amount 
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of non-ketonic chromogens. A similar analysis of the data in 
Table I pertaining to the remaining six extracts shows that the 
correction applied in column (0) is relatively satisfactory and that 
the Eg: Ex ratio indicates the presence of relatively small amounts 
of non-ketonic chromogens. These data, which confirm the find- 
ings of Callow et al. (1), suggest that when the Eg: Ez ratio is 
1.5 or greater the values obtained following the simple correction 
for non-reactive colors are reasonably satisfactory. For solutions 
which give an Eg: Fz ratio of less than 1.5, a significant increase 
in accuracy is attained by separating the ketonic from the bulk of 
the non-ketonic substances with Girard’s Reagent T before the 
colorimetric determination is made. 

Assuming that the value obtained from the colorimetric analysis 
of the ketonic fraction is approximately correct, the analytical 
data on urine Extract 2, which contains a low concentration of 
neutral 17-ketosteroids, show that overestimations by as much as 
260 per cent may occur in the assay of the crude fraction. In 
spite of this high percentage error, the error in the 24 hour excre- 
tion is but 0.8 mg. In a similar way the data on urine Extract 6, 
which contains a relatively high concentration of 17-ketosteroids, 
show an overestimation of 35 per cent and of 7.4 mg. in a 24 hour 
excretion. 


Hydrolysis and Extraction 


Dingemanse et al. (7, 8), Peterson, Gallagher, and Koch (9), and 
Callow et al. (10) have presented evidence which shows that some 
loss of androgenic activity and of neutral 17-ketosteroids may 
occur during acid hydrolysis of urine prior to extraction. Dinge- 
manse and Laqueur (8) separated the a- and §-steroids with digi- 
tonin and assayed the fractions by biological methods. They 
noted a greater loss of the 8 than of the a fraction and showed that 
this loss could be largely prevented by simultaneous hydrolysis 
and extraction. Workers using independent hydrolyses have not 
agreed upon an optimal procedure. The experiments that follow 
present a more detailed definition of the effect of independent 
hydrolysis and describe an improved method of simultaneous 
hydrolysis and extraction. 

The inflammability of ether and benzene make these two sol- 
vents unsuited to routine procedures of continuous hydrolysis. 
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Moreover, the tendency of the former to form emulsions and the 
particular toxicity of the latter are further disadvantages in their 


TABLE II 
Time Required for Essentially Complete Extraction of Neutral 17-Ketosteroids 
from Urine by Simultaneous Hydrolysis and Extraction Procedure 


Colorimetric assays were made on the ketonic fraction. 


Paget sawed atin |r ine) Fgh it 

hrs. mg. perl. 
| CCl, Independent” : 11.8 
2 sg Simultaneous 2 1.4 
4 10.0 
6 12.0 
3 ot = 6 12.0 
7 12.5 
{ C1,C=CCl, 2 12.6 
3 13.4 
} 13.7 
5) 3 13.5 
} 13.7 


*Control experiment with independent hydrolysis and subsequent 
extraction. 

t The extracts obtained were washed twice with 25 ec. lots of a 10 per 
cent solution of NaS.O, in 1.0 N NaOH, twice with 25 cc. lots 1.0 nN NaOH, 
twice with 25 ec. lots of 0.6 nN HCI, and three times with 25 ce. lots of water. 
The neutral residue was treated with Girard’s Reagent T (trimethylacet- 
hydrazideammonium chloride, Eastman) according to the procedure de- 
scribed previously (3). The colorimetric assays of the total and a-keto- 
steroids were carried out on the ketonic fraction. Instead of the Girard’s 
reagent-ketosteroid condensation in alcoholic solution as described pre- 
viously, the condensation may be carried out in the absence of alcohol and 
in a brief period of time according to Dr. J. K. Wolfe as follows: The neu- 
tral residue is thoroughly dried in a glass flask. 0.5 cc. of glacial acetic acid 
and 200 mg. of Girard’s Reagent T are added. The flask is stoppered with 
tin-foil and the mixture heated for 10 minutes on a boiling water bath. 
For the rest of the procedure the directions outlined previously are fol- 
lowed. 200 mg. of Girard’s Reagent T will take care of 50 mg. of 17-keto- 
steroid. The final alcoholic extract should be assayed promptly, because it 
has been noted that these extracts change on standing. This change, 
which is manifested by a variable but marked decrease in the Eg: Eg ratio 
is particularly apt to occur in solutions of the @ fraction 


use. The present studies on hydrolysis and extraction are limited 
to the use of carbon tetrachloride and tetrachloroethylene, two 
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commercially available non-inflammable solvents. Their boiling 
points of 78° and 121°, respectively, permit raising the temperature 
of urine to a point where simultaneous hydrolysis and extraction 
are practical. To provide as efficient extraction as possible with 
these heavier than water solvents, the extraction apparatus de- 
scribed by Hershberg and Wolfe (11) has been used.* They have 
shown that in this apparatus neutral 17-ketosteroids are almost 
completely extracted from hydrolyzed urine in 4 hour. 

Time Required for Extraction of Neutral 17-Ketosteroids from 
Urine by Simultaneous Hydrolysis and Extraction Procedure 
Table II presents a series of five experiments on one 5 liter lot of 
pooled urine. The urine was collected with approximately 7 
ec, of concentrated HC! per liter as a preservative and was stored 
in a refrigerator. To each liter aliquot of the final pooled urine 
143 cc. of concentrated HCl were added. In Experiment 1 this 
mixture was boiled under a reflux for 10 minutes and then ex- 
tracted for } hour with CCl, In the other experiments‘ the cold 
mixture was placed in the continuous extraction apparatus and 
simultaneously extracted, heated, and hydrolyzed with carbon 
tetrachloride or tetrachloroethylene for measured periods of time. 

The data of Experiment 1 (Table II), which was run as a control, 
show that 11.8 mg. of 17-ketosteroids were recovered from the 
1 liter aliquot which was independently hydrolyzed and extracted. 
Experiments 2 to 5 indicate that more than 12.0 mg. of 17-keto- 
steroids were recovered from the other liter aliquots of the same 
urine by simultaneous hydrolysis and extraction with carbon tetra- 
chloride for 7 hours or with tetrachloroethylene for 3 or 4 hours. 

The data also show a satisfactory agreement in results from 
duplicate analyses (see also Table IIT). 

Comparison of Recovery of Neutral 17-Ketosteroids from Urine 
afler Various Methods of Hydrolysis and Extraction—In keeping 
with the observations of others, the higher 17-ketosteroid values 
obtained in the above analyses after simultaneous hydrolysis and 
extraction suggested that independent hydrolysis might result in 
destruction of some 17-ketosteroid. Recovery experiments were, 


* To minimize heat loss from the apparatus, the cylinder which contains 
the urine was encased in a thick layer of insulating material. 

‘In these 0.7 gm. of stannous chloride was also added to the mixture. 
Stannous chloride, a mild reducing agent, is not essential but helps to 
minimize the formation of emulsions. 
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Tasie III 

Comparison of Recovery of Neutral 17-Ketosteroids from Urine after Various 
Methods of Hydrolysis and Extraction 

The data are expressed as mg. per liter of urine, determined by colori- 

metric assays on the ketonic fraction. 


Total 17-keto-| a-17-Keto- B-17-Keto- 





Ex- : eatin steroids steroids steroids 
peri- | 17-Ketosteroid* added, end extraction 2 E — 
= mg. per liter proceduret Deter- Theo- Daten Theo- Deters -|Theo- 

mined alt mined ro mined ait 

1,A | None 1. | 5.0 4.2 0.8 | 

Bi; « I. + SnCl,| 5.4 | 4.6 0.8 | 

ci * 8. 4.6 | 3.7 | 0.9 | 

D DHA (21) I. 19.5 | 26 10.5 2; 9.0 | 21.8 

I. “ (13) Ss. 17.0 | 18 3.6 | 4.2) 13.4 | 13.8 
2,A | None I. 8.7 8.7 | 0.0 

B | DHA (22) ae | 24.0 | 30.7; 14.0! 8.7 10.0 | 22.0 

C | A (25) “ 32.2 | 33.7| 31.1 | 33.7) 1.1]! 0.0 

D ” (18) ee 26.6 | 26.7 11.6 | 8.7| 15.0 | 18.0 

E | A (11) + IA (11)/ 8. 28.0 | 30.7 17.4 | 19.7) 10.6 | 11.0 
3,A Nene I 5.5 | 5.2 | 0.3 | 

B a“ Ss. 6.7 6.5 0.2 

C | DHA (22) ee | 27.5 | 28.1; 6.9 | 5.8) 20.6 | 22.3 

D| “ (13) ee 117.0 | 19.1} 4.2] 5.8) 12.8 | 13.3 
4,A | None I. | 2.6 | 2.4 | 0.2 | 

B ae 8. | 2.5 2.5 0.0 

C | A(13) I. | 15.5 | 15.6) 15.5 | 15.5) 0.0 | 0.1 

D | IA (11) “ 113.5 | 13.6] 5.0| 2.5) 8.5| 11.0 

E | A (5) + IA (14) [8. 23.6 | 21.6 8.4| 7.5) 15.2] 14.1 








* DHA, dehydroisoandrosterone; A, andresterone; IA, ienandrosterens. 
The figures in parentheses indicate the mg. of 17-ketosteroid added. 

+ I. indicates that the aliquot was first hydrolyzed by boiling 10 minutes 
with 143 ec. of concentrated HC! per liter, followed by extraction of the 
mixture for 45 minutes with CCl,. I. + SnCl, indicates that 0.7 gm. of 
stannous chloride was added to the mixture in addition to the HCl. 8S. 
indicates that the aliquot was simultaneously hydrolyzed and extracted 
with tetrachloroethylene for a period of 3 hours after 0.7 gm. of SnCl, and 
143 cc. of concentrated HCl were added to the liter aliquot. 

t The theoretical values represent the sum of the average control deter- 
minations and the mg. of crystalline steroid added to the aliquot prior to 
hydrolysis and extraction. 


therefore, carried out in which known amounts of crystalline 
dehydroisoandrosterone, isoandrosterone, or androsterone were 
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added to aliquots of urine, the a- and 8-17-ketosteroid content of 
which was known. The analytical data from four series of such 
recovery experiments are given in Table III. The theoretical 
values represent the sum of the average control values of each 
urine sample and the mg. of crystalline hormone added to each 
aliquot. The results of the individual experiments of Table III 
are summarized in Table IV. 

These data show that independent hydrolysis converts approxi- 
mately 20 per cent of the added crystalline 8-hydroxyketosteroids 
(digitonin-precipitable), dehydroisoandrosterone and isoandro- 


TaBie IV 
Recovery of Hormones Added to Aliquots of Urine 























| Per cent of added hormone 
Per cent of | ®ppearing after digitonin 
added hor- separation 
Experiment No. Hormone | mone re- 
Table IIT) | added* | covered as! a fraction 6 fraction 
} 17-keto- | 
| | steroids \Deter- Theo- | Deter-|Theo- 
mined retical mined |retical 
Independent 1,D;2,B DHA 67 25 0 42 | 100 
extraction | 2,D;4,D IA 100 | 20] 0| 80] 100 
and hydrol- | 2,C; 4,C A | 100 98 | 100 2 0 
ysis 
Simultaneous | 1,E;3,C;3,D | DHA | 98 2 0} 96} 100 
extraction | 2,E;4,E A + | 104 102 | 100 | 102 | 100 
and hydrol- IA 
ysis | 




















* DHA, dehydroisoandrosterone; IA, isoandrosterone; A, androsterone. 


sterone, to ketosteroids which are not precipitated by digitonin. 
This finding is at least partially explained by the observations of 
Butenandt et al. (12), who noted that hydrochloric acid hydrolysis 
results in some chlorination of the 3-carbon atom of dehydroiso- 
androsterone, and of Wolfe’ who isolated some chlorodehydroiso- 
androsterone from an extract of human urine which had been 
hydrolyzed with hydrochloric acid. It is of interest that destruc- 
tion of the 3-8-hydroxyl group occurred to approximately the 
same extent in the A® unsaturated f-steroid, dehydroisoandro- 


5 J. K. Wolfe, unpublished observation. 
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sterone, as in the saturated 8-steroid, isoandrosterone. Because 
the a-steroid, androsterone, is not precipitated by digitonin, we 
have no information concerning the effect of acid hydrolysis on 
this hormone. Acid hydrolysis apparently has an additional effect 
on the carbonyl group at C-17 of dehydroisoandrosterone, as evi- 
denced by a decrease of total color-producing substances (Table 
III, Experiments 1,D, and 2,B). This change may be dependent 
upon the A® unsaturation, as it does not occur in the saturated 
compounds, isoandrosterone and androsterone. 

The data further show that the above effects of hydrolysis are 
eliminated by simultaneous extraction and hydrolysis. These 
findings indicate that simultaneous extraction and hydrolysis of 
urine are essential for the accurate assay of the ketosteroids in 
urine samples, especially when detailed information is desired. 

Although the shorter time required for complete simultaneous 
hydrolysis and extraction by tetrachloroethylene favors the use 
of this solvent, the possible deterioration and difficult evaporation 
of this reagent render it somewhat unsuitable for routine use. 


SUMMARY 


Assays of the neutral ketosteroid content of urines made by 
applying the m-dinitrobenzene-alcoholic KOH reaction to the 
crude neutral fraction of urine extracts are subject to a variable 
error due to interfering non-ketonic chromogenic substances. 
This error may be eliminated in large part by purifying the crude 
extracts with Girard’s Reagent T. The solution of the partially 
purified ketonic fraction thus obtained gives colors in the m-dini- 
trobenzene reaction which approximate but do not exactly cor- 
respond with the colors given by solutions of crystalline 17-keto- 
steroids. This discrepancy may be due to either traces of non- 
ketonic substances or to the presence of neutral ketosteroids other 
than the 17-ketosteroids. 

Hydrolysis of urine with hydrochloric acid may affect the 3-8-hy- 
droxyl group of 8-ketosteroids so that these ketosteroids are no 
longer separable from the a-ketosteroids by digitonin precipitation. 
An underestimation of the 8 fraction and an overestimation of the 
a fraction may, therefore, occur. Such hydrolysis may also affect 
the carbonyl group at C-17 of A® unsaturated ketosteroids so that 
there is a decrease in total color-producing substance in the 








mam we te 


io 


— we 








Talbot, Butler, MacLachlan, and Jones 377 


m-dinitrobenzene reaction and hence an error of underestimation 
by this procedure. These effects of hydrolysis are eliminated by 
the simultaneous hydrolysis and extraction procedure described 
here. 


We wish to thank Dr. L. F. Fieser and Dr. J. K. Wolfe for their 
advice. The authors are indebted to Dr. E. Schwenk, of the 
Schering Corporation, for samples of crystalline androsterone and 
dehydroisoandrosterone and to Dr. E. Oppenheimer, of the Ciba 
Pharmaceutical Products, Inc., for a supply of crystalline isoandro- 
sterone. 
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The increasing interest in the use of gold salts as chemotherapeu- 
tic agents in the treatment of certain diseases (1) has made 
apparent the necessity of an accurate, specific, and sensitive 
method for the determination of gold in various biological mate- 
rials. Moreover, the lack of information regarding the metab- 
olism and pharmacology of this element further emphasizes this 
need. Previous methods have employed either an electrolytic 
precipitation, a colorimetric reaction, or a titrimetric procedure. 
The electrolytic methods such as those of Cadwell and Leavell 
(2) and Lomholt (3) involve too many technical difficulties to be 
of practical value. The numerous colorimetric methods (4-6) 
lack both specificity and accuracy. The method of Merejkovsky 
(6) seems to be specific and is probably the best, but the large 
blank from the reagent itself and the inadequate directions of the 
author make it impossible to duplicate the original results. The 
iodometric titration first employed by Peterson (7) and modified 
most recently by Hansborg (8) cannot be applied to tissues and 
blood because the ferric iron present in these substances interferes 
with the reaction. This difficulty has been overcome by Tukats 
(9) by a preliminary precipitation of the gold with oxalic acid. 
However, this preliminary procedure makes it impossible to apply 
the method to the determination of very small quantities of gold. 
Pollard (10) determined gold after conversion to the chloride by 
titration with hydroquinone, using o-dianisidine as an indicator. 
In order to secure quantitative results it was necessary for other 


*The Rackham Arthritis Research Unit is supported by the Horace 
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inorganic salts to be absent. This condition was obtained by a 
preliminary precipitation of the gold from the original substance 
by use of a hydrochloric acid solution of tellurium saturated with 
sulfur trioxide. A modification of this method for use with urine 
(11) required large volumes of urine and was limited in sensitivity, 

Because none of these methods is entirely adequate, it was 
thought it would be of value to develop an accurate and specific 
modification of Pollard’s (10) procedure for the quantitative deter- 
mination of gold in small amounts of blood and urine. 


Principle of Present Method 


The present method involves the determination of gold by the 
use of the color reaction produced by o-dianisidine and auric 
chloride in a slightly acid solution buffered with potassium bi- 
fluoride. This color production follows Beer’s law and can be 
quantitatively measured in an Evelyn photoelectric colorimeter. 
Preliminary digestion by use of sulfuric acid and hydrogen perox- 
ide is necessary to oxidize all interfering organic substances. 
Since the color reaction is specific for the chloride or bromide of 
gold, it is necessary to convert the separated gold to the chloride 
by aqua regia. All excess sulfuric acid must be previously re- 
moved by evaporation to absolute dryness in order to secure a 
quantitative conversion of gold to the chloride. Likewise after 
conversion to the chloride, excess aqua regia must be removed 
because nitrosyl chloride as well as nitric acid produces a color 
with o-dianisidine. Further, the presence of any excess acid will 
inhibit the production of the final color with gold chloride. Potas- 
sium fluoride and hydrochloric acid are then added to the solution 
to produce the buffered acid solution. In addition the fluoride is 
necessary to prevent the reaction of any ferric iron present with the 
o-dianisidine (12). 

EXPERIMENTAL 


Reagents— 

Standard gold solution. 153.9 mg. of gold chloride are trans- 
ferred to a 1000 cc. volumetric flask and diluted to volume with 
distilled water. 1 cc. of this solution is equivalent to 0.1 mg. 
of gold. This stock standard is stable for 2 to 3 days. 

Potassium fluoride. 10 gm. of this salt are weighed out ac- 
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curately and transferred to a 100 cc. volumetric flask and diluted 
to volume with distilled water. After the salt dissolves, the 
solution is filtered. This solution is stable for 2 days. 

Potassium bifluoride (Merck). 0.75 gm. of potassium bifluoride 
is weighed accurately and transferred quantitatively to a 100 ce. 
volumetric flask and diluted to volume with distilled water. This 
solution should be made fresh every 12 hours. 

o-Dianisidine. 250 mg. of o-dianisidine are weighed accurately, 
transferred to a 250 cc. volumetric flask, and 150 ec. of water and 
l ec. of concentrated hydrochlorie acid are added. The solution 
is then diluted to volume with distilled water and will remain 
stable for 1 day. 

Hydrochloric acid (1:4). 25 ce. of concentrated hydrochloric 
acid are transferred to a 100 cc. volumetric flask and diluted to 
volume with distilled water. 

Hydrochloric acid (1:12). 41.5 ee. of concentrated hydrochloric 
acid are transferred to a 500 cc. volumetric flask and diluted to 
volume. 

Aqua regia. 10 ce. of concentrated nitric acid are added to 30 
ee. of concentrated hydrochloric acid. This solution should be 
made every day. 


Procedure 


A known amount of urine (10 to 50 ec.) is placed in a Kjeldahl 
flask' which has been graduated to 100 ce. To this flask 3 to 5 
ec. of concentrated sulfuric acid are added. A small glass bead 
and several drops of caprylic alcohol are introduced into the mix- 
ture, which is then slowly heated on a Kjeldahl digestion rack until 
the solution begins to char. The heating is continued for 5 to 8 
minutes, after which the flask is cooled and a 30 per cent solution 
of hydrogen peroxide (superoxol) is added drop by drop until the 
solution is water-clear. This requires approximately 8 to 10 
drops. The solution is then evaporated to complete dryness over 
amicroburner. The sulfuric acid fumes are removed by inserting 
into the neck of the flask a glass tube which is connected through 


' 100 ce. Kjeldahl flasks with necks shortened to 5 to 6 em. are the size 
used, as, when they are accurately calibrated with a Bureau of Standards 
100 ce. pipette, the calibration mark falls in the narrow neck portion of 
the flask. 








382 Microdetermination of Gold 


a water trap to a water pump. The flask is cooled, 2 cc. of aqua 
regia are added, and the flask is heated on a microburner until 
the solution is evaporated to 0.2 to 0.3 cc. The flask is removed 
and while still warm a slow stream of air is introduced into the 
flask, which evaporates the remaining acid and moisture. During 
the heating the flask should be 5 to 6 cm. above the tip of the 
flame to avoid local overheating which will decompose the gold 
chloride. After cooling, the precipitated inorganic salts are re- 
dissolved by addition of about 75 cc. of distilled water. 0.75 ce. 
of hydrochloric acid (1:4), 8 ec. of potassium fluoride, and 1 ce. 
of o-dianisidine solution are added to the flask. The volume is 
made up to 100 cc. with distilled water, the flask stoppered, and 
the solution thoroughly mixed. ‘The solution is then transferred 
to a colorimeter absorption tube, filling the tube to within 1 to 2 
em. of the top. After stoppering, the pink color which reaches its 
maximum intensity within 3 to 10 minutes is read in the Evelyn 
photoelectric colorimeter with Filter 440 and a center setting on 
the galvanometer of 76. The stoppering of the graduated Kjel- 
dahl flask and absorption tube is necessary to prevent a slight color 
development of the reagents in the presence of air. 

The same procedure can be applied to blood, with 1 to 5 ce. of 
plasma which is placed in a micro-Kjeldahl digestion tube that has 
been graduated toa 15ce. volume. The initial digestion requires 
1 ec. of sulfuric acid, and the conversion to the chloride is accom- 
plished by 0.5 cc. of aqua regia. The color is then developed by 
the addition of 0.1 cc. of hydrochloric acid (1:12), 1 cc. of potas- 
sium bifluoride, and 0.4 cc. of o-dianisidine. This is then diluted 
to 15 cc. volume and the color read as in the case of the urine. 
Stoppering of the absorption tube is unnecessary because the po- 
tassium bifluoride prevents the production of any color of the re- 
agents in the presence of air. 


Results Obtained in Tests with Pure Solutions of Gold Chloride 


A series of determinations was conducted with varying quanti- 
ties of gold ranging from 5 to 300 y. The results are presented in 
Table I. When the galvanometer was adjusted to 100 with a stop- 
pered tube containing an aliquot of the blank solution made up of 3 
ec. of hydrochloric acid (1:4), 8 cc. of potassium fluoride, and 1 ce. 
of o-dianisidine diluted to 100 cc. volume, a center setting of 76' 
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was obtained as compared to 76° when water alone was used. 
The ratio of photometric density (Z values) to the concentration 
of the test solution is a constant (K, TableI). Reproducibility 
of results in these tests was excellent. Below the quantity of 5 
y of gold there is a significant deviation from the K value. How- 
ever, this can be overcome in unknowns by using sufficiently large 


TABLE I 


Reproducibility of Chemical Method for Determination of Gold Chloride and 
Constancy of Ratio of Photometric Density to Concentration of Compound 























Average photo- 
Gold present No. of tests a, | metric Gaawt ae x 
Y 

5 3 962, 96° 0.0155 0.0031 
10 4 93?, 93° 0.0281 0.0030 
15 5 89%, 90° 0.0470 0.0031 
20 5 87°, 87! 0.0605 0.0030 
25 5 84°, 84? 0.0757 0.0030 
30 2 81°, 812 0.0915 0.0031 
50 4 692, 70° 0.1580 0.0032 
100 4 48°, 48? 0.3190 0.0032 
150 3 32, 33° 0.4850 0.0032 
200 2 223, 23° 0.6430 0.0032 
250 3 15%, 16° 0.8030 0.0032 
300 3 12°, 12! 0.9210 0.0031 
Average ........ Bot ce EE PPR 0.0031 





* These values correspond to the maximal pink color produced when 
taken with a center setting of 76'. 

t This is analogous to optical density as measured on a spectrophotom- 
eter and corresponds to the quantity (2 — log 10 of the galvanometer 
reading). 

t These values are obtained by dividing the photometric density by the 
amount of the gold in the test solution. 


samples of the substance to give readings in the range of 5 to 300 
y, which was the range desired in urine. For blood, however, the 
desirable range was 3 to 30 y. The blank solution for blood which 
was diluted to 15 ec. contained 0.4 cc. of hydrochloric acid (1:12), 
1 ce. of potassium bifluoride, and 0.4 cc. of o-dianisidine solution; 
it gave a center setting of 76°. The K value determined for the 
range (5 to 30 y) was constant, averaging 0.020 (0.019 to 0.022). 
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Recovery of Gold from Urine and Blood Plasma 


The results obtained by the addition of known quantities of 
gold chloride to various volumes of urine and blood plasma are 
summarized in Table II. In the case of urine, the percentage of 
recovery varied from 94.2 to 100. The dilution of the urinary 
digest overcomes any inhibitory effect of inorganic salts on the 
development of the color as found by Pollard (10). This is well 


TABLE II 
Recovery of Known Amounts of Gold Chloride Added to Urine and Plasma 


Material used | Volume | Gold added | Colorimeter Gold found 

ce. ¥ Y per cent 

Urine 10 0 100° 0 0 
; 10 20 86° 19.90 99.5 
10 50 70° 19.97 99.9 
10 150 34! 150.00 100.0 
10 200 25' 194.20 97.1 
10 250 17 242.26 96.4 

50 0 100° 0 0 
50 10 93? 9.42 94.2 
50 15 90° 14.77 98.5 
50 20 86° | 19.90 99.5 
50 25 s4¢ | 24.42 97.6 
50 50 702 18.97 97.9 
50 100 19° 100.00 100.0 

Plasma l 0 100° 0 0 
l 3 Su” 2.53 S4.2 
] 5 SI: +. 38 87.6 
l 7 75} 6.18 88.3 
- l s 7i! 7.11 88.9 
I 10 63! 9.95 99.5 

l 


20 40° 20.00 | 100.0 


illustrated by our results in which the percentage of recovery is 
approximately the same for 50 cc. of urine as in 10 cc., although 
the concentration of inorganic salts is 5 times as great in the former. 
In blood, however, the error was slightly greater, with the range 
of the percentage recovery being 84.2 to 100. The greatest error 
in the case of plasma occurs in those instances in which less than 
5 y of gold is determined. For amounts greater than this there 
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is essentially a 90 per cent recovery. If a greater accuracy than 
90 per cent is desirable, a larger volume of plasma may be used. 

The specificity of the method in both urine and blood is shown 
by the colorimeter reading of 100° (Table I1) secured for digests of 
both urine and plasma. This value is identical with that secured 
with reagents alone. These results indicate that the intensity of 
the color secured with these materials when they contain gold is 
due entirely to the presence of the gold and cannot be attributed 
to the reaction of the dye with any other inorganic salt. This 
method has been applied to the determination of gold in animal 
tissues as well as to the study of the metabolism and excretion of 
various gold compounds. 


SUMMARY 


An accurate and specific microcolorimetric method for the de- 
termination of gold by the use of the Evelyn photoelectric colorim- 
eter has been described. The method is based upon the produc- 
tion of a stable red color by the reaction between auric chloride 
and o-dianisidine in an acid medium in the presence of potassium 
fluoride. The method is applied to the determination of gold in 
urine in the range of 5 to 300 y, and to blood plasma in the range 
of 5 to 30 y. 


The authors are greatly indebted to Professor Howard B. Lewis 
for his many helpful suggestions and criticisms in the preparation 
of this manuscript. 
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To explain the presence of inorganic elements in phosphatide 
preparations, the existence of combinations between ions and 
lipids has been suggested by several groups of investigators. Thu- 
dichum (1), Koch and Pike (2), and Koch and Todd (3) believed 
combination could exist between phosphatides and alkali and 
alkaline earth ions; Peters and Man (4) presented evidence for 
combination between serum lipids and chloride ions; Rosenbaum 
and Lavietes (5) between serum lipids and thiocyanate ions. 
The changes in conductivity and refractive index upon mixing salt 
solutions and phosphatide suspensions have been held to support 
the formation of ion-lipid combinations (6). Fabisch (7), on the 
other hand, found no evidence for binding of chloride in lecithin 
solutions when using Ag-AgCl electrodes. 

In the present communication, we are reporting experimental 
results of two types which bear on the question of ion-phosphatide 
combination; namely, (a) measurements of chloride, sodium, and 
potassium ionic activities in aqueous sols of lecithins and cephalins, 
and (b) electrometric titrations of phosphatides in aqueous suspen- 
sion. The latter experiments will also be examined for the infor- 
mation they provide on the relation between the chemical struc- 
ture of phosphatides and their behavior towards acids and bases, 
and the physiological significance of the phosphatides as buffer 
systems. 

The results of these experiments indicate that none of the ions 
studied is bound by lecithins, but that alkali metal ions are 
combined with cephalins, increasing in amount with increasing pH. 
Lecithins and sphingomyelins showed no buffering over wide pH 
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ranges (approximately pH 3 to 9), while cephalins showed buffer- 
ing from pH 3 to 11. 
EXPERIMENTAL 


Isolation of Phosphatides —Lecithins were isolated from egg yolks 
by Maltaner’s modification (8) of the method of Levene and Rolf. 
A pure white preparation with a nitrogen to phosphorus ratio of 
1.00 was obtained. Noamino N was detected. From its activity 
in blood coagulation systems, the cephalin content of this prep- 
aration of lecithin was not greater than 0.1 per cent." 

Two different procedures were used for the separation of cerebral 
cephalins: (a) that of Levene and Rolf (9), and ()), this procedure, 
modified by precipitating the cephalins from aqueous suspension 
by dilute hydrochloric acid, according to the method of Renall (10), 
before their final precipitation from ether by acetone. The prepa- 
ration first mentioned had a phosphorus content of 4.18 per cent, 
and a N:P ratio of 0.96; the second preparation, from a different 
sample of lamb brains, had a phosphorus content of 4.21 per cent 
and a N:P ratio of 0.92. The advantage of preparations obtained 
by the second procedure was that a larger part of the inorganic 
cations was eliminated by the precipitation of the cephalins from 
water by hydrochloric acid. The Levene and Rolf preparation 
contained 1.83 per cent K and 0.80 per cent Na; the other prepara- 
tion, which we shall call Preparation 2, contained 0.29 per cent K 
and 0.18 per cent Na. 

Sphingomyelins were isolated from lamb brains and _ purified 
according to the method of Levene (11). 

Chloride Ion Activities —The activities of chloride ion in aqueous 
sols of lecithin and pure NaCl solutions were compared by observ- 


ing the potentials of the svstem 
Ag | AgCl | Cl--containing solution | saturated KCI) Hg.Cl,| Hg) Pt 


at 38° with a type K potentiometer. The chloride-containing 
solutions were either standard solutions of known sodium chloride 
concentration, or lecithin solutions containing known quantities 
of chloride. The Ag-AgCl electrodes were used for lecithin sols 
only after they had been carefully tested for constancy and theo- 
retical behavior with respect to their potentials as a function of 
chloride concentration in standard NaC! solutions. 


! This estimation was made for us by Dr. Geoffrey Edsall 
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Sodium Ion Activities -Measurements were made by a flowing 
amalgam electrode similar in design to that used by Richards and 
Conant (12). Amalgams were prepared and handled as described 
by these authors. Both the amalgam and the solution containing 
sodium ions flowed rapidly under nitrogen through a 3 ml. cham- 
ber during measurements. Potentials were measured at 38° with 
a type K potentiometer, with a high resistance circuit and a 
vacuum tube amplifier in the system, 


Pt | Hg | sodium amalgam | Na‘*-containing solution | saturated KC] agar 
bridge | saturated KCl |! Hg-Cl, | Hg | Pt 


The use of a potential-measuring system with negligible current 
drainage permitted the circuit to be closed throughout the period 
of measurement without producing polarization at the amalgam 
electrode. In this way, the steadiness of the potential could be 
observed and an optimum rate of flow of amalgam established. 
Potentials were steady within about 0.02 millivolt, reproducible 
within 0.2 millivolt, and the average of a series reproducible within 
0.1 millivolt. Known amounts of sodium chloride and hydroxide 
were added to sols of lecithins or of cephalins (Preparation 2), 
and, after 42 hours, the sodium amalgam potentials were measured. 
The potential of each sol was measured about ten times, and that 
of each standard NaCl solution an equal number of times. These 
were interspersed among the measurements of the phosphatide 
sols. Sodium chloride solutions of reference were selected with 
concentrations which would give potentials close to those of the 
phosphatide sols. 

Membrane Equilibrium Measurements— Below pH 5, the poten- 
tials of amalgam electrodes became highly unstable. Partly to 
extend the measurements into a more acid region and partly to 
check our results by a different method, we have made membrane 
equilibrium studies of the effects of cephalins upon the activities of 
the ions under consideration. The distribution of ions between 
aqueous sols of cephalins and a water phase containing no cephalins 
was studied by analysis of the two phases when equilibrium was 
established across a cellophane membrane. The Gibbs-Donnan 
distribution law was used to calculate the active concentrations 
of ions in the cephalin phase. 

The apparatus employed consisted of a cellophane bag with the 
open end fastened over a short glass tube inserted through a large 
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rubber stopper (Fig. 1). This was fitted into a3 X 15 em. test- 
tube in such a manner that the cellophane bag and the test-tube 
formed concentric cylindrical chambers. An aqueous sol of cepha- 
lins (Preparation 2), after adjustment to the desired pH by addi- 
tion of alkali, wasgntroduced into the inner chamber and stop- 
pered. A bubble of nitrogen was included to facilitate mixing. 
The outside chamber was filled with 0.05 N alkali chloride, and sealed 
after the inclusion of about 0.5 ml. of nitrogen. The apparatus 
was attached toa slowly rotating wheel and rotated 48 hours at room 





—- 18 4.--------- NITROGEN 
~ —[ = Ya <t--*--- AQUEOUS CEPHALIN SOL 
=- -. operp------- CELLOPHANE MEMBRANE 


+—-|—- + =H-.-..--AQUEDUS SODIUM CHLORIDE 














Fic. 1. Apparatus for studying distribution of alkali chloride between 
cephalin sols and water. 


temperature. Movement of the nitrogen bubbles produced effec- 
tive stirring. At the end of this period, the contents of the two 
chambers were analyzed for sodium, potassium, chloride, phos- 
phorus, and water. Water was determined by evaporation to 
constant weight, in high vacuum at room temperature in the 
ease of the cephalin sols. Chloride was determined by the Vol- 
hard titration following digestion with nitric acid and silver 
nitrate; sodium was determined gravimetrically as sodium zine 
uranyl acetate, and potassium as the chloroplatinate. These 
analyses were run in triplicate and checked to 0.5 per cent. 
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Total P was determined by the method of Fiske and Subbarow. 
The pH of the contents of each chamber was determined by the 
glass electrode, standard acetate buffer being used as a standard 
of reference, and its pH assumed to have the value 4.62. That 
equilibrium was established in the interval used was shown by 
experiments in which the final concentrations attained were found 
to be nearly the same whether the alkali originally had been added 
to the inside or outside chamber. 

Electrometric Titration—Phosphatide sols (about 0.01 m), homo- 
genized in CO,-free water, were introduced into small test-tubes 
and portions of standard hydrochloric acid or carbonate-free so- 
dium hydroxide solution added, plus sufficient water to bring 


TABLE I 


Measurement of Apparent Chloride Activities in Fresh Sols of Varying 
Lecithin Content 

















Chloride : 
Sol No. | Lecithin | Age of sol | concentra measure- | ion activity ee 
analyels ment calculated oO ) 
om pe kg. hee. moles kg. om mole Pe kg. 

1 0.5 3.5 0.0248 99.9 0.0244 0.98 

2 2.4 2.0 0.0240 100.8 0.0235 0.98 

3 6.6 2.8 0.0222 102.8 0.0218 0.98 

4 14.0 2.5 0.0271 | 93.8 0.0335 1.24 

5 36 3.0 0.0279 92.4 0.0353 1.27 

6 36 2.5 0.0510 77.8 | 0.0555 1.09 














all samples to the same final volume. The air above the solutions 
was replaced by nitrogen, and the tubes were stoppered and 
shaken. pH values were determined by the glass electrode. In 
some cases, measurements were made immediately ; in others, 24 to 
48 hours were allowed to elapse before measurement. 


Results 


Ionic Activity Measurements—In Table I are presented a series 
of measurements of Ag-AgCl potentials in lecithin sols of varying 
lecithin concentrations. The ratio [Cl-]/[total Cl] was essentially 
unity in lecithin sols up to 0.66 per cent. In more concentrated 
sols (up to 3.6 per cent), the apparent Cl- activity exceeded the 
























392 Phosphatides and Inorganic Salts 


total molal concentration of chloride. A similar anomalous result 
was obtained when lecithin sols were allowed to age for several 
hours. The result of such an experiment is given in Table II. 
These results are similar to the anomalous behavior of Ag-AgC] 
electrodes in blood serum previously observed by one of us 
(A. B. H.). 

It may be concluded from these experiments, however, that in 
fresh dilute lecithin sols no combination occurred between lecithins 


TaBLe Il 
Effect of Aging in Apparent Chloride Activities in Lecithin Sols 





Cl concen- > : Apparent . 
Sol No. Lecithin Age of sol tration by 2 Cl ion (Cl 1 caleulated 
analysis — activity (Total Cl} 
om. per kg. mole kg. mole per kg. 
HO hes. HO me. H:0 

l 2.4 2 0.0240 100.8 0.0235 0.98 

2 2.4 5 0.0955 61.9 0.0956 1.00 

} 2.4 8 0.0240 98 .0 0.0262 1.09 

4 2.4 19 0.0240 99.8 0.0247 1.02 

TaB_e III 


Sodium Amalgam Measurements of Na* Activity in Cephalin Sols 


Concentrations are expressed as mole per kilo of H.O; concentration of 
cephalin = 0.010 mole per kilo of H.O; age of cephalin sol, 42 hours. 


T ia’ Yombined Na | -ve-cephalin_ 

Sol No. Total [Na] {[Na*} Combined Na Total cephalin pH 
I 0.0239 0.0221 0.0018 0.18 1.87 
2 0.0263 0.0226 0.0037 0.37 7.07 
3 


0.0287 0.0232 0.0055 0.55 


9.13 


and chloride ion. Further evidence pointing to the same conclu- 
sion will be presented in connection with the titration data. 
Three experiments carried out at pH 6.40, 6.85, and 7.21 with 
sodium amalgam electrodes showed that lecithins had no detect- 
able effect upon the sodium ion activity. In each case, the poten- 
tial of the lecithin sol fell upon the curve of concentration versus 
E.M.F. for pure NaC! solutions. With cephalin dispersions sub- 
stantial quantities of sodium were shown to be. present in an 
un-ionized state by measurements with the sodium amalgam elec- 
trode, the quantity bound increasing with pH (Table III). 
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Tonic Distribution Measurements—In the membrane distribution 
experiments, the Gibbs-Donnan law requires that at equilibrium 
(H*}; _ (Na*}; _ [Cl]. 

[H*), [Nat], [Ch] 
where indicated concentrations denote ionic activities in the phases 
inside and outside the cellophane membrane. Assuming that Cl 
is not combined with cephalins, the [Na*] inside was calculated 
from the relation 


{total Cl], 


[Na*}; = [total Na], X (total Cl), 


TaBLe IV 
Distribution of Na and Cl between Cephalin Sols and Aqueous NaCl 


Concentrations are expressed in mole per kilo of H,0. 


Ex- | Na-cepha- 
: Deter- Deter- Calcu- | li 
peri- \H ; —_ Calculated lated N | Total |___ lin 
I mined min r a- 
tent total Na [Cll] [Na*] | cephalin °ePbalin | Total 
No. cephalin 


l Outside 3.05 | 0.0488 | 6.0522 
Inside | 3.05 | 0.0555 | 0.0501 | 0.0509 | 0.0047 | 0.087 0.13 
Outside | 6.03 | 9.0536 0.0538 
Inside 6.03 0.0680 | 0.0530 | 0.0544 | 0.0136 | 0.030 0.45 
3 Outside 7.01 0.0513 0.0514 

Inside 6.99 | 0.0731 | 0.0499 | 0.0529 , 0.0202 | 0.035 0.58 


to 


The sodium bound by cephalins [Na-Ceph] was estimated as the 
difference between total sodium inside and [Na*];. Two sets 
of experiments showing the combination between cephalin and 
sodium and potassium are given in Tables IV and V. These 
experiments indicate that, at neutrality, approximately 0.6 equiva- 
lent of base is combined per mole of cephalin. 

Titration Measurements— The electrometric titrations of lecithin, 
sphingomyelin, and cephalin preparations are represented in Figs, 2 
to 5. The curves are apparent @ curves, constructed from the 
titration curves by correcting below pH 5 for the chloride ion con- 
centrations equivalent to the hydrogen ion concentrations, and 
above pH 9 for the sodium ion concentration equivalent to the 
hydroxy] ion concentrations. The concentrations of hydrogen and 
hydroxyl ions were calculated from the activity coefficients 
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given by Lewis and Randall (13) and the values of K,, listed by 
Clark (14). 


TaBLe V 
Distribution of K and Cl between Cephalin Sols and Aqueous KCl 


Concentrations are expressed in mole per kilo of H,O. 


in | . | K-cepha- 
peri- | pH | mined | mined |, Caleu- | Cet: | Total —— 
ent | total K {Cl} lated [K*] cephalin cephalin pe 

‘ n 


1 | Outside | 4.24 | 0.0516 | 0.0515 
Inside | 4.24 | 0.0614 | 0.0516 | 0.0515 | 0.0099 | 0.0295; 0.33 

2 | Outside | 7.70 | 0.0522 | 0.0515 
Inside | 0.0700 | 0.0507 | 0.0526 | 0.0174 | 0.0275) 0.63 
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Fic. 2. a curves for the titration of aqueous lecithins and sphingo- 

myelins. [A~] and [A*] are the calculated molar concentrations of charged 
phosphatide ions. 


Titrations of lecithins and sphingomyelins showed the absence 
of any buffering action over wide ranges, in agreement with the 
assigned chemical structures and in confirmation of our conclusion 
that neither chloride nor sodium was bound by lecithins (Fig. 2). 
Above pH 10, some cleavage of lecithins appeared to take place, 
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as indicated by an increase in buffering activity upon standing 15 
hours. At lower pH, the solutions came quickly to equilibrium. 
The small portion of the curve representing the dissociation of the 
acidic component of lecithins indicated an apparent pK in aqueous 
sols of 1.3. 

If pH determinations were made at once or a few minutes after 
alkali addition, aqueous cephalin sols showed only moderate buffer- 








WI /.cepmauind (1.2); 0 )/terpnauind (3). 
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Fic. 3. The titration of cephalin in aqueous solution (Preparation 2). 
Curve 1, a curve, pH readings after 3 minutes; Curve 2, a curve, after 42 
hour interval; Curve 3, Na bound by cephalin, [Na*] = 0.05 m (Table IV). 

Fic. 4. The titration of cephalin prepared according to Levene and 


Rolf. 


ing, comparable with that observed by Fabisch (7) for a crude 
preparation, and with that observed by Bull and Frampton (15) 
for cephalin-lecithin mixtures. However, the potentials decreased 
rapidly at first, then more slowly, finally reaching an apparent 
equilibrium in about 12 hours. Both preparations of cephalin 
at equilibrium showed apparent buffering between pH 3.5 and 10.5 
(Figs. 3 and 4). The buffer value AB/ApH per mole of cephalin 
was approximately 0.14 in the physiological pH range. 





(AVicernaun 


396 Phosphatides and Inorganic Salts 


The effect of the presence of NaCl (0.05 m) on the titration 
curve of cephalin sols is shown in Fig. 5. It will be seen that the 
curve is parallel to that obtained in the absence of NaCl, but is 
displaced to the left. In Fig. 3, the position of the curve (No. 3) 
relating the amount of sodium bound by cephalins to the pH, 
compared with the titration curve of cephalins in the absence of 
NaCl, may be explained in the same manner; namely, that the 
presence of an increased concentration of Na* favored the forma- 
tion of more Na-cephalin. 


























ail 
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Fig. 5 Fic. 6 


Fic. 5. The titration of cephalin in the presence and absence of sodium 
chloride. 
Fic. 6. The titration of aqueous sodium a-palmitoy|-3-glycerophosphate. 


The buffering of cephalins was not dependent upon the base used 
to titrate them. Titration with ammonium hydroxide gave the 
same titration curve as with sodium hydroxide up to pH 7.0. 

The anionic behavior of cephalins at all pH values above 3.5 or 
4 stimulated us to compare this behavior with that of phosphatidic 
acids. Sodium a-palmitoyl-8-glycerophosphate was synthesized 
according to the method described for the stearic ester by Ar- 
nold (16). The @ curve (Fig. 6) shows a distribution of buffering 
similar to that shown by cephalins and the pH has a similar sensi- 
tivity to added sodium chloride. The similarity between the 
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titration curves of this compound and cephalins leads to the con- 
clusion that a nitrogenous base suchas ethanolamine is not present 
in a titratable form in the cephalin molecule. 


DISCUSSION 

The results of investigation by several methods are in agreement 
in indicating that the only large effect of the three phosphatides 
upon the activities of the ions studied was that of the cephalins 
upon cation activities. These results indicate that, at neutrality, 
cephalins are in combination with 0.5 to 0.6 equivalent of alkali 
per mole of cephalin. Contrary to the suggestion of Koch and 
Pike (2), the affinities of cephalins for sodium and potassium were 
found to be practically identical. The presence of greater quan- 
tities of potassium than sodium in cerebral cephalin preparations 
probably reflects the higher concentration of potassium in the 
material from which they were extracted. 

The results obtained upon the titration of lysocephalins in 
aqueous solution by Levene, Rolf, and Simms (17) by the addition 
of 0.9 and 0.95 moles of alkali per mole of phosphorus correspond 
to our titration data for cephalins, suggesting that these com- 
pounds have similar titration behaviors. 

Our studies of the cephalins do not support the conception that 
these phosphatides in aqueous solution exist as zwitter ions of the 
structure 


Q 
R-O-P-O-CH,-CH:-NHs 
o- + 


The reasons for this conclusion are (a) that at neutrality ceph- 
alins contain over 0.5 equivalent of fixed base per mole; (b) when 
these bases have been eliminated or an equivalent amount of acid 
added, the aqueous solutions are acid. The ease with which the 
nitrogenous base is lost from cephalins during isolation (Levene and 
Komatsu (18)) is not in agreement with what is known concerning 
the stability of the phosphoric ester of aminoethanol, or of the 
diesters of phosphoric acid (Plimmer and Burch (19)). Both the 
titration behavior and the instability of cephalins suggest the 
possibility that cephalins have structures other than those at- 
tributed to them. 

Our findings indicate that cephalins, in contrast to lecithins and 
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sphingomyelins, play a réle in tissue electrolyte distributions, being 
combined with about 0.5 equivalent of base per mole of cephalin 
at neutrality and holding this base mainly in an un-ionized form. 


SUMMARY 


Observations on silver-silver chloride electrodes, amalgam eleec- 
trodes, on distributions of ions across membranes, and on elec- 
trometric titrations indicated (a) that lecithins, cephalins, and 
sphingomyelins do not combine with appreciable quantities of 
chloride ion, (6) that lecithins and sphingomyelins do not combine 
detectably with sodium ions, over a wide pH range, and (c) that 
cephalin binds sodium and potassium with equal affinity, the 
amount increasing with pH. The titration behavior of cephalins 
was shown not to be in good agreement with the structure usually 
assigned, but much like that of phosphatidic acids. These findings 
establish for cephalins a possible réle in biological electrolyte 
equilibria. 
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THE FORMATION OF A VITAMIN B,-BORATE COMPLEX 


By JOHN V. SCUDI, W. A. BASTEDO, anv T. J. WEBB 


(From the Research Laboratory of Merck and Company, Inc., Rahway, 
New Jersey) 


(Received for publication, July 26, 1940) 


In the course of the development of a colorimetric method 
for the determination of vitamin By (1) it was observed that 2,6- 
dichloroquinone chloroimide would condense with the vitamin in 
the presence of a variety of buffers to give the desired blue indo- 
phenol, in accordance with the reaction, 





CH,OH 
Cl HOCH; = 
ona + ws 
= CH, 
N 
CH,0H 
O HOCH; H 
<n H; 
Cl N 


This reaction, however, does not occur in the presence of a 
borate buffer. Any substance which gives the indophenol reac- 
tion in the presence of this buffer is, therefore, not the vitamin. 
This observation is important to the specificity of the test, since 
phenols normally react with quinone chloroimides in the presence 
of borate buffers. Further, 0.001 per cent of borate causes an 
error in the performance of the test, and borates must thus be 
considered interfering substances. For these and other reasons, 
which are discussed subsequently, the nature of the borate inter- 
ference was investigated. 

The polyhydric nature of the vitamin suggested complex forma- 
tion, involving the vitamin and borate ion in such manner that 
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the phenolic nature of the vitamin was masked. It was assumed 
that this combination probably involved the 3-hydroxy and 4- 
hydroxymethyl groups of the vitamin. In agreement with this 
assumption, it was observed that compounds (1) and (II) (kindly 
furnished by Dr. Harris of these laboratories) would condense 
with the chloroimide reagent in the presence of a borate buffer. 
Thus the significance of the hydrogen in the 4-hydroxymethy] 
group was established. 


CH,OC,H; CH,—O 


HO—( \—CH,OH HO CY CH, 
CH, L ) CH, L 
N N 
(I) (II) 


That the phenolic hydrogen is also involved in the complex 
may be inferred from the work of Boeseken (2). Moreover, this 
involvement was demonstrated directly by comparison of the 
ultraviolet absorption spectrum of the complex and that of the 
vitamin. 

In the paper of Stiller, Keresztesy, and Stevens, on the struc- 
ture of vitamin Bg (3), it was shown that the vitamin in aqueous 
solution at values of pH 3 or less exhibits a single maximum at 
2920 A. This band is depressed and two new bands appear at 
2550 A. and 3250 A. as the pH is raised to 7.45 (Fig. 1). When 
the 3-hydroxyl hydrogen atom is substituted, as for example in 
the 3-methoxy derivative of the vitamin, the single “acid’’ band 
at 2800 A. persists with increased pH (3). Harris, Webb, and 
Folkers (4) have attributed the shifts in these bands of vitamin 
B, to structural changes involving the phenolic hydrogen and 
the basic ring nitrogen. 

It is possible to eliminate this shift in absorption by merely 
adding borate ion to solutions of the vitamin. The absorption 
of the vitamin in the presence of a borate buffer at pH 7.5 is 
shown in Fig. 2. The single band at 2920 A., normally associ- 
ated with acid rather than neutral solutions, is observed. This 
behavior would seem to indicate conclusively that the phenolic 
hydrogen is involved in the borate-vitamin Bs complex. 
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In other borate complexes of the Boeseken type the acidity 
of the boric acid is markedly increased, and it was found that the 
vitamin B,-borate complex showed a similar increase. Fig. 3 
shows the results obtained in titrations' with alkali of vitamin Be 
hydrochloride, boric acid, and a mixture of both substances. 


7.0 4 
Em 
6.0 F 
5.0 Fr 
4.0 Fr 


3.0 - 


2.0 - 





A 1 i lh i i rt 





2300 2500 2700 2900 3100 3300 3800 A 


Fic. 1. Curve 1 shows the ultraviolet absorption of the vitamin in an 
aqueous solution of pH 2.1. Curve 2 is the same at pH 7.5. EZ, is the 
millimolecular extinction coefficient. 


Vitamin Bs neutralizes 2 equivalents of alkali, the mid-points of 
the two stages occurring respectively at pH 4.72 and 8.96, with 
corresponding acid ionization constants of 1.9 X 10-* and 1.1 X 
10°. The mid-point of the neutralization of the 1st equivalent 
of alkali by boric acid occurs at pH 9.4, indicating the ionization 


1 The glass electrode was used in these titrations. Values above pH 9.5 
have not been corrected. 
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constant of 4 X 10-, in essential agreement with the range of 
values to be found in the literature for this substance. 

In the case of the vitamin-borate mixture the curve shows the 
expected marked increase in acidity (K, = 3.5 X 107%). A 
similar increase in acidity was not observed upon titration of boric 
acid in the presence of the 3-methoxy derivative of the vitamin. 
This is additional evidence for the linkage of boron in the original 
complex through the oxygen atom in the 3 position and elimi- 


E. 


5.0 FT 


3.0 F 
\e 


2.0 - 





lL iL. 1 i A 





2300 2600 2700 2900 300A. 


Fig. 2. Ultraviolet absorption of vitamin B, in a borate buffer at pH 7.5 


nates the possibility that the pair of hydroxyl groups involved is 
in the 4,5 position. 

While a simple increase in acidity does not differentiate between 
the possible structures ((III) and (IV)), further consideration 
of the titration data establishes structure (lV). 
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CH,O OH ]- [— CH,O OCH, 
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f The data obtained by the potentiometric titration of a mixture 
of 1.00 mole of boric acid to 1.425 moles of the vitamin hydro- 
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NeOH 0.4 0.8 12 1.6 


Fic. 3. Potentiometric titration of (Curve 1) boric acid (1 mm), (Curve 
2) vitamin Bs hydrochloride (1 mm), (Curve 3) vitamin Bs hydrochloride 


} | (1.43 mm) and boric acid (1 mm), NaOH in mm. 


chloride are shown in Fig. 4. Curve 2 isa differential curve. The 
high sharp maximum, indicating completion of a titration stage, 


2.0 


2.4 











Vitamin B,-Borate Complex 














| 7.0 
3 6.0 
< 6.0 
4 40 
4 3.0 
4 2.0 
« 1.0 
alll l L 1 rn 1 L l n 1 l rn 
mi. NeOH 0.4 0.8 12 1.6 2.0 2.4 


Fic. 4. Potentiometric titration (Curve 1) of 1.00 of boric acid and 
1.425 ma of vitamin B, hydrochloride. Curve 2 is a differential curve 
(ordinate to the right). 


corresponds exactly to one-half of the vitamin.? This relation- 
ship indicates that 2 molecules of the vitamin have combined 


2 The small secondary peak shown in the differential curve corresponds 
to the binding of the 2nd equivalent of alkali by vitamin Bs hydrochloride. 
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with 1 molecule of boric acid (present here in excess) to give the 
more strongly acidic complex. Table I shows the result of vary- 
ing the boric acid-vitamin ratio in these titrations. The “cal- 
culated millimoles of complex’”’ are calculated on the basis of 2 
molecules of vitamin to 1 molecule of boric acid. They are in 
good agreement with the number of equivalents found. 

Since it has been shown that the vitamin-borate complex in- 
volves 2 molecules of the vitamin to 1 molecule of boric acid, 
and since the boron atom has been shown, by various means, 
to be linked through the oxygen atoms in the 3 and 4 positions of 
the vitamin, structure (IV) is assigned to the complex. 

This study is of interest in connection with the parenteral 
administration of the vitamin. When neutral (pH 7.0 to 7.5) 
10 per cent solutions of the vitamin are autoclaved at 20 pounds 














TaBie I 
— of Varying Boric Acid-Vitamin Ratio 
hydrochloride | Borie acid ee Alkali used 
= 9 
0.408 1.00 0.25 0.24 
1.00 1.00 0.50 0.47 
1.42 1.00 0.71 0.68 
2.00 1.00 1.00 0.98 
2.50 1.00 1.00 0.99 











pressure for 20 minutes, the solutions become yellow in color and 
precipitation of a condensation product (4) occurs. From struc- 
tural considerations, it was conceivable that formation of the 
borate complex might prevent this reaction. Similar solutions 
at the same pH, containing 0.5 mole of borate, remained color- 
less upon autoclaving, and precipitation of the condensation 
product did not occur. 

Dr. Harris kindly furnished us with purified samples of the 
condensation product. These were shown to possess consider- 
ably less activity than an equal weight of vitamin Be, as shown by 
the curative assay with vitamin B,-deficient rats, reported by 
Unna (5). In additional assays, also performed through the 
courtesy of Dr. Klaus Unna of the Merck Institute, the borate- 
containing solutions, after autoclaving, retained their full activity 
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in the cure of vitamin B,-deficient rats. It may, therefore, be 
inferred that the vitamin B,-borate complex is thermostable, but 
is completely broken down in the animal organism to liberate the 
unchanged vitamin. 


SUMMARY 


Vitamin Bs has been shown to undergo complex formation 
with boric acid. Boric acid, with a coordination number of 4, 
is linked to 2 molecules of the vitamin through the oxygen atoms 
in the 3 and 4 positions. This complex has the physiological 
activity of vitamin Be, and is thermostable in neutral solution. 
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CHEMISTRY OF THE CHICK EMBRYO 
I. THE DIPEPTIDASE OF CHICK EMBRYO EXTRACTS* 


By ALBERT H. PALMER anno MILTON LEVY 
(From the Department of Chemistry, New York University College of Medicine, 
New York) 
(Received for publication, July 24, 1940) 


The presence of dipeptidase in the tissues of the early chick 
embryo has been noted (1). As a part of an investigation of en- 
zymes in relation to embryonic growth, we have found it neces- 
sary to devote some attention to the properties of alanylglycine 
dipeptidase. 

Subsequent work will involve the use of the micromethods de- 
veloped by Linderstrgm-Lang and Holter (2). For the sake of 
uniformity, the same methods have been employed in the present 
investigation. Except where otherwise stated, the substrate used 
was dl-alanylglycine. 

Preparation of Enzyme Extracts--Eggs of Rhode Island Red 
hens, laid in trap nests, were used throughout and were received 
within 48 hours of laying time. The eggs were incubated in a 
commercial incubator for 72 hours at an average temperature of 
39.4° and humidity of 50 to 60 per cent. 

A circular section of the egg-shell was cut away by means of a 
dental separating disk. This can be accomplished without dis- 
turbing the shell membrane. The membrane was then cut and 
the section removed, exposing the embryo. The embryo, to- 
gether with its extraembryonic vascular system, was separated 
from the remaining yolk membrane by means of an incision which 
followed the marginal vein. The incised section was lifted from 
the yolk by means of forceps and dropped into 0.9 per cent saline. 
The embryo was stripped of its membranes and extraembryonic 


* Aided by a grant from the National Research Council. 
Presented before the American Society of Biological Chemists at Balti- 
more (Proc. Am. Soc. Biol. Chem., J. Biol. Chem., 123, p. xe (1938)). 
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vascular system while submerged in saline. We have found the 
surgical instruments of ophthalmology to be well adapted to this 
type of dissection. The embryo was washed with saline, freed of 
adhering moisture, ground with fine acid-washed and ignited sand, 
and mixed with a measured volume of 30 per cent glycerol. After 
2 hours at room temperature, the extraction was continued in the 
cold room at 5° for 18 to 20 hours. The mixture was shaken at 
intervals during the extraction. Determination of enzyme ac- 
tivity immediately followed. When necessary, extracts were di- 
luted with 30 per cent glycerol and filtered through cotton im- 
mediately before use. We have found that this procedure yields 
reproducible results and we have used it exclusively. It is nec- 
essary to adopt some standard method of preparation because of 
the instability of the enzyme. 

Determination of Enzyme Activity—7.03 c.mm. of 0.2 Nn dl- 
alanylglycine in 0.07 n NaOH (final pH 7.8), or other solvent to 
give the desired substrate pH, was pipetted into 8.5 c.mm. of 
enzyme extract and mixed in microreaction tubes by means of the 
magnetic stirring device described by Linderstr@m-Lang and Hol- 
ter (2). Theresulting mixture was 0.0905 n with respect to alanyl- 
glycine. The tubes were capped and placed in the thermostat 
at 40° for appropriate intervals. The hydrolysis was stopped by 
the addition of alcoholic HCl. The extent of hydrolysis was de- 
termined by means of the acetone titration method of Linderstrém- 
Lang (2). In order to make blank determinations at zero time, 
alcoholic HCl] was mixed with aliquots of the enzyme extract be- 
fore the addition of the substrate. Individual experimental esti- 
mations were carried out in triplicate. 

Optimum pH—We found that the pH of optimum activity was 
7.8 at 40° and in phosphate buffers. It has been reported that 
phosphate inhibits the hydrolysis of leucylglycine by malt dipep- 
tidase (3). Phosphate has no inhibitory action on the hydrolysis 
of alanylglycine by chick embryo dipeptidase. 

Kinetics of the Reaction—Within the limits of 20 to 80 per cent 
hydrolysis the reaction follows the first order equation, k = 1/t 
log a/(a — x), where a is the c.mm. of 0.044 n HCl used by com- 
plete hydrolysis and z is the actual hydrolysis at time, ¢, in minutes; 
k is the first order constant for logs to the base 10. This relation- 
ship applies at 30° and 40° and with such substrates as 0.0905 
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x dl-alanylglycine and 0.01132 n 1(+)-alanylglycine. Typical 
data are presented in Fig. 1 where the time of hydrolysis is plotted 
against log (a — zx). The straight lines obtained have slopes 
equal to —k and intercepts equal to log a. 





< 


minutes. 


Fic. 1. Log (a — 2) is given in terms of c.mm. of 0.044 n alcoholic HCI. 
Lines 1, 2, and 5 were obtained with 0.0905 Nn dl-alanylglycine at 40°. Lines 
3and 4 were obtained with the same substrate at 30°; Line 6, with 0.01132 N 
l(+)-alanylglycine at 30°. 


TaBLe I 
Relation between Substrate Concentration and Velocity Constant 


Temperature 40°; substrate /(+)-alanylglycine at pH 7.8. The same 
enzyme extract was used throughout. 














: ] : : Velocity, <a" 
Substrate No. | | screams ri oi oe" | 0.044 alogholie HC 
x 
1 0.0905 5.8 3.98 
2 0.0453 12.9 3.98 
3 0.0226 28.0 3.83 
4 0.01132 58.5 3.00 














It is possible that the entire course of the reaction could be 
described by means of the first order equation. However, the 
technical limits of accuracy of the micromethods confine our ob- 
servations within the above limits. 

A study of the relation between substrate concentration and 
enzyme activity revealed that the numerical value of the first order 
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velocity constant was dependent upon the substrate concentration, 
while the absolute velocity was nearly constant over a considerable 
range. Results are given in Table I. This indicates that we are 
not dealing with a true unimolecular reaction but with the type 
discussed by Haldane (4). 

A few experiments, in which known amounts of glycine or 
i(+)-alanine were added to the reaction mixture, indicate that 
the products of hydrolysis strongly inhibit the reaction. This is 
also in conformity with Haldane’s suggestion. Results are in- 
cluded in Table IT. 

Influence of d(—)-Alanylglycine—This isomer is not hydrolyzed 
by the enzyme. At least there is no indication of hydrolysis over 


TaBLe II 
Inhibition Due to Reaction Products and to d(—)-Alanylglycine 
Temperature 40°; pH 7.8. The same enzyme extract was used through- 
out. 


Concentration of substrate and inhibitors 





Substrate era Velocity constant, Per cent 
6 Pras ueotie- u(+)- Glycine — a 
cine ~ eine | Alanine : 
Ny y y v 
l | 0.0453 78 
2 | 0.0453 No hydrolysis 
3 | 0.0453 | 0.0453 45 42 
4 | 0.0453 | 0.0453 57 27 
5 | 0.0453 55 29 


a period of time sufficient to insure complete hydrolysis of the 
natural isomer. This differs from the findings of Bergmann et al. 
(5) with yeast and intestinal extracts. 

The d(—) isomer does strongly inhibit the reaction. Experi- 
mental results are given in Table II. A comparison of the velocity 
constants obtained with Substrates 1 and 3 shows that the presence 
of an equimolecular concentration of d(—)-alanylglycine resulted 
in a 40 per cent inhibition. In terms of the Michaelis theory, 
this would indicate that the association constants for the forma- 
tion of the two complexes, enzyme + d(—)-alanylglycine and 
enzyme + I(+)-alanylglycine, are of the same order of magnitude. 
This observation may be of significance in connection with Berg- 






























A. H. Palmer and M. Levy 411 


mann’s (5) theory of specificity in that it indicates that the ability 
of the enzyme to combine with the substrate is not the sole con- 
trolling factor in determining the possibility of hydrolysis of stereo- 
isomers. 

Relation between Enzyme Concentration and First Order Velocity 
Constant—-In general the velocity constant of a homogeneous cata- 
lytic reaction is expected to be proportional to the concentration 
of catalyst. In the present case this relationship does not hold. 
To test the relationship, we used varying volumes of stock extracts 


Taste III 


Relation between Activity and Enzyme Concentration Expressed in Terms of 


Equation Log k = I + S Log V 














Extract No. Substrate Bp an and 8 
= 5 icine 

l 0.0905 Nn dl-alanylglycine 40 1.46 

2 Same 40 1.47 

3 ™ 40 1.31 

t 40 1.33 

5 si 40 1.30 

6 40 1.36 

7 . 40) 1.41 

S " 40 1.42 

9 = 40 1.35 

10 ve 40 | 1.37 
11 ” 30 1.30 
12 ¥ 30 1.32 
13 0.01132 N l(+-)-alanylglycine 30 1.34 
Average slope at 40° , --| 1.38 


in constant total volumes of reaction mixtures. When the loga- 
rithms of the first order velocity constants were plotted against 
the logarithms of the volumes of extracts used, a straight line was 
obtained. The intercepts of these lines varied from one stock 
extract to another, but the slopes were the same within the ex- 
pected error. In experiments with thirteen independent extracts, 
and with several independent preparations of alanylglycine, the 
average slope was found to be 1.38 with extremes of 1.30 to 1.47. 
The data are given in Table ITI. 































oe; 


412 Chemistry of Chick Embryo. I 


This type of relationship is expressed by the equation log 
k = I + S log V, when k is the first order velocity constant, 
V the c.mm. of stock extract used, and J is the intercept. J is equal 
to log k when 1 c.mm. of stock extract is used. The significance 
residing in the slope, S, is obscure. It may be due to some type 
of dissociation of the enzyme into inactive components. It is not 
due to the presence of the d(—) isomer, for the same slope was 
obtained when /(+-)-alanylglycine was the substrate. (See Ex- 
tract 13, Table III.) It is unlikely that it is due to inactivation 
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Fia. 2 Fic. 3 
Fie. 2. Linear relationship between log U and log A where U is the 
number of units and A the activity per sample as defined in the text. The 
line is calculated. The points were obtained in ten different dilution 


experiments. 

Fic. 3. Relationship between activity A and amount of enzyme U. 
The line is calculated. The points were obtained from ten dilution ex 
periments. 


during hydrolysis, for a 10° change in temperature has little, if 
any, effect, as shown by Extracts 11 and 12 in Table III. 

Definition of Enzyme Unit—No completely rational unit of en- 
zyme concentration may be defined, since chick embryo dipepti- 
dase has not yet been obtained in pure form. Our purpose will 
be as well served by a system of arbitrary units, as long as such a 
system is consistent with the relationship described in the pre- 
vious section. 

For convenience we multiply the first order velocity constant, 
k, calculated in minutes and common logarithms, by 10‘ to obtain 
the activity A. Our standard stock solution gives a first order 
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velocity constant of 0.03. We then define a unit of enzyme as 
1/300 of the amount present in 8.5 c.mm. of this standard solution. 
All other activities may be converted to units by use of the equa- 
tion, log A = —0.94 + 1.38 log U in which U is the number of 
units of enzyme corresponding to A. 

In Figs. 2 and 3 all the experimental points at 40° summarized 
in Table III have been converted to this basis so that the uni- 
formity of results may be shown. 

Fig. 2 demonstrates the validity of the slope of 1.38 and Fig. 3 
shows the direct relation between activity and number of units. 
A first order velocity constant of 0.03 is near the upper limit at 
which measurements of reaction velocity can be made with any 
confidence of accuracy by our methods. 

To recapitulate, the definition of the unit is 1/300 of that amount 
of enzyme which at 40°, in 15.53 c.mm. of solution at pH 7.8 con- 
taining 0.0905 N dl-alanylglycine and 16.4 per cent glycerol by 
volume, will give a first order velocity constant of 0.03, with com- 
mon logarithms and time in minutes. 


SUMMARY 


The hydrolysis of 1(+)-alanlyglycine by chick embryo dipep- 
tidase follows the first order reaction equation within the limits of 
20 to 80 per cent hydrolysis. 

The relationship between enzyme concentration and the uni- 
molecular velocity constant is described by the equation log k = 
I+ S log V. 

d(—)-Alanylglycine strongly inhibits the reaction but is not hy- 
drolyzed by the enzyme and has no influence upon the kinetic 
type of the reaction. 

The reaction is inhibited by the products of hydrolysis. 
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Il. WEIGHT, NITROGEN, AND DIPEPTIDASE ACCUMULATION 


By MILTON LEVY ann ALBERT H. PALMER 


(From the Department of Chemistry, New York University College of Medicine, 
New York) 


(Received for publication, July 24, 1940) 


The mass of information collected and correlated by Needham 
in his monograph (7) demonstrates the importance of and interest 
in chemical embryology, the complexity of the subject, and, 
in many respects, the incomplete and unsatisfactory character 
of the available data. The material presented in this paper 
covers the accumulation of weight, nitrogen, and dipeptidase 
by the chick embryo in the course of its development from 1.5 to 
18 days incubation. While weight and nitrogen data from 4 to 
20 days incubation are found in several publications, few data be- 
fore the 4th day are given and there are no quantitative estima- 
tions of the enzyme at any time. 


Materials and Methods 


The source of eggs, incubation practice, and method used for 
isolating the embryos have been described (8). The smaller em- 
bryos could not be lifted from the yolk by forceps, but when the 
cut area was touched with a bit of filter paper, they would adhere 
to the paper. They were then released by shaking in saline. 
After the extraembryonic membranes and the allantois, when pres- 
ent, were removed, the embryo was transferred to a smooth metal 
section lifter. Adhering saline was removed with pointed bits of 
slightly moist filter paper. The moisture tended to prevent stick- 
ing of the small embryos. The embryo was then picked up on an 
arrow-pointed needle and transferred to a suitable tared vessel for 
weighing. The vessel used depended on the size of the embryo 
and the use for which it was intended. The largest embryos were 
dried by rolling on filter paper. This resulted in the loss of some 
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feathers, but the amount was unimportant. Embryos up to 10 
mg. were weighed on a microbalance. Larger ones were weighed 
on an ordinary analytical balance. All weights are recorded in mg, 

The method used for nitrogen estimation varied according to the 
size of the embryo. Larger embryos were transferred from weigh- 
ing bottles or stoppered test-tubes to Kjeldahl flasks and digested 
with Se and Cu catalysts according to standard techniques. If 
necessary, the digest was diluted and an aliquot taken for distilla- 
tion. Smaller embryos were weighed in stoppered test-tubes and 
transferred to 25 X 200 mm. tubes for estimation of the nitrogen 
by the micromethod previously described (4). The smallest em- 
bryos were weighed directly in 13 X 100 mm. test-tubes and the 
nitrogen was estimated by the decimicromethod (4). 

Alanylglycine dipeptidase was estimated in the arbitrary units 
previously described (8). The embryos up to 2 gm. in weight were 
ground by use of sand and a glass rod in the vessels in which they 
were weighed, a suitable volume of 30 per cent glycerol was added, 
and extraction carried out as described. Larger embryos were 
transferred to a mortar, cut up with scissors, ground with sand, 
and extracted with glycerol. In any case the extract was finally 
diluted so that the activity per sample (8.5 c.mm.) was suitable 
for a 15 to 30 minute hydrolysis. Hydrolyses were run in tripli- 
cate and blanks in duplicate. From the number of units per 
sample the total dipeptidase per embryo was calculated by divid- 
ing by the volume of the sample in c.mm. and multiplying by the 
total volume of extract (weight of embryo in mg. + volume of 
30 per cent glycerol used in ¢.mm.). 


EXPERIMENTAL 


The results of the measurements are given in Table I along 
with the number of individual embryos used at each age. There is 
considerable variability in the individuals of a given batch of eggs 
and period of incubation. This is due to a number of factors, such 
as variable extent of “body heating”’ in the hen, position in the 
incubator, and to “biological’’ variation. A sufficient number of 
embryos has been used at each age to establish the trend of the 
data and to stabilize the averages. Each age includes embryos 
from several different batches of eggs and the data were not ob- 
tained seriatim. 
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TaBLe I 


Accumulation of Weight, Nitrogen, and Dipeptidase in Rhode Island Red 
Chick Embryos 























Age | Weight Total N* | Nt Dipeptidase | Dip 
days | mg. mg. | per cent units X 10% — 
1.5 | 0.72 0.0083 (18) 1.27 1.26(8) 1450 
1.75 1.39 1.90(8) 1500 
1.85 1.45 0.0191 (9) 1.32 

2.02 2.99 0.0277 (18) 1.12 3.58(15) 995 
2.21 4.65 0.0430 (10) 0.92 

2.52 10.40 0.077 (12) 0.86 10.57 (8) 910 
2.71 12.8 0.102(10) 0.82 

2.83 15.3 0.119(10) 0.78 

3.00 20.0 0.148(28) 0.79 16.0(21) 765 
3.37 43.6 0.312(18) 0.72 

3.50 57.4 47 (8) 865 
3.75 78.0 0.53 (15) 0.68 

4.04 118 0.83(9) 0.68 80(8) 710 
4.40 150 1.03(12) 0.69 

4.50 181 129(8) 700 
4.83 217 1.33(17) 0.61 155 (8) 680 
5.50 349 247 (8) 710 
6.00 502 3.19 (26) 0.63 362 (9) 720 
7.00 928 6.13(11) 0.64 660 (8) 730 
8.00 1,472 10.7(10) 0.73 960 (16) 660 
8.50 1,814 1,450(8) 800 
9.00 2,170 16.6(11) 0.74 1,450 (15) 695 
10.00 3,170 26.8(10) 0.79 2,670(10) 890 
11.00 4,180 34.7(10) 0.85 3,780(9) 880 
12.00 6,110 56.8(12) 0.95 6,117(9) 975 
13.00 7,960 91.9(8) 1.13 8,440(9) 1090 
14.00 10,320 #162 (20) 1.49 13,700 (8) 1300 
15.00 12,900 228 (23) 1.71 18, 500(9) 1490 
16.00 16,100 341(10) 1.99 22,150(8) 1510 
17.00 19,100 405 (11) 2.13 19, 500(15) 1020 
18.00 21,900 425 (10) 1.94 17 ,600(8) 820 








* The parenthetical figures indicate the number of individual embryos 
used in obtaining each average. The number of embryos used for the 
average weight is the sum of these figures, in the third and fifth columns. 

t The figures in these columns were obtained by averaging the figures 
for individual embryos rather than by dividing the averages for N or 
dipeptidase by the average weight. 
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In Fig. 1 the data are plotted with the ordinates that Murray 
(5) used for his weight data; 7.e., log Q against log A, where Q is 
used to designate whatever quantity is measured and A is the age 
in days. This type of plot may be called an accumulation dia- 
gram. Each set of data is dissected into a series of straight lines 
indicating that d log Q/d log A for the period covered by each line 
is constant. Each line is a section of a line described by log 
Q = tg + ag log A, where ig is the extrapolated intercept at log 
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Fic. 1. Log Q (wet weight, W, in mg., nitrogen in mg., and units of di- 
peptidase, U, per embryo) plotted against log A, the logarithm of the age in 
days. The units of dipeptidase have been multiplied by 10~-* for con- 
venience in plotting. 


A = 0 (1 day) and ag is the accumulation coefficient. Each of 
the straight line sections will be called a phase and identified by 
the symbol P with superscript and subscript indicating the be- 
ginning and end of the phase. Thus P¢} indicates a phase be- 
ginning at 2.5 days and ending at 4.5 days. The region of juncture 
of two phases will be called an interphase. In Table II are col- 
lected the phase data. The values of i and a were obtained from 


large scale plots. For comparison there are included values of a 
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and 7 obtained by similar treatment from data found in the litera- 
ture. The agreement is, in general, good and emphasizes the 
reality of the phases. Interphases vary between the various sets 
by approximately 0.5 day where they are comparable. In the 


TABLE II 


Phases of Growth 











Weight 
(1.5)* 4.5 
Phase....... Pus Px» 
Intercept or slope . iw ay iw aw 
From Fig. 1 —1.24 5.5 —0.17 3.61 
Murray (5) —(0.19 3.62 
Penquite (9) —0.24 3.62 
Schmalhausen 
(10)t —1.2 5.1 —0.17 3.61 

Byerly (2)t —0.78 1.6 —0.15 3.62 
a, Nitrogen 

(1.5) 2.5 4.5 10.5 15 
Phase... P25 P4'5 Pi0.s Pi5 P (20) 
Intercept or slope in | an in | @n iN an | *N | 2N 'n | °N 
From Fig. | —3 | 4.6 |—3.3) 5.3 |—2.7| 4.1 |—5.0) 6.2) 0.25) 1.9 
Murray (6) —2.3) 4.1 |—4.8) 6.0|\—0.21) 2.3 
Penquite (9) —3.3, 4.5 |—6.0) 7.1) 0.63) 1.6 
—_— Dipeptidase 

>(1.5) 45 10.5 15 
Phase. . Pqs P10.5 Pi5 P20) 
Intercept or slope ip 2p ip 2p ip “Dp ip | *D 
From Fig. 1 2.2 | 4.4 |2.55| 3.8 | 1.0 | 5.3 | 9.3 | -1.6 


* (1.5) indicates the lowest age studied. The interphase ages are ap- 
proximate. 

t Both Schmalhausen’s(10) and Byerly’s(2) data for pis) consist of 
very few points. The values of a andiare therefore rough approximations. 


earlier phases where 0.5 day is a long biological period, comparable 
data are not available. 

Fig. 2 shows the changes in nitrogen and dipeptidase concentra- 
tion on a wet weight base during the course of development. The 
general courses of the curves justify the various phases we have 
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shown in the accumulation data. Thus comparison of ay and ay 
during P;';°" shows that the per cent N should be falling rapidly, 
more slowly in the region of the first interphase, and should be 
nearly constant in Pi} with a slow rise in P{y’s, and a rapid rise 
during P{" followed by a fall in P25. 

Similar phases can be deduced for dipeptidase. Fig. 1 shows 
two phases for weight. Accordingly if there was but one phase 
of dipeptidase accumulation, only two general trends in Fig. 2 
should be found. Examination of the curve shows at least four 
such trends. The drawing of the accumulation diagram in Fig. 1 
took this into account. An interphase at 2.5 may be present, but 
is not clear in our data. An interphase near 4.5 is probably pres- 
ent. Interphases at 10.5 and 15 days are clearly present. 


| 


oO 4 A lé 





€ 


AGE 


Fra. 2. Curve U, units of dipeptidase per 0.01 mg. of embryo.’ Curve N, 
per cent nitrogen. Age is given in days. 


DISCUSSION 


Growth is defined as the natural increase of a living organism. 
This increase may be in weight, nitrogen, complexity of form, or 
function of any other entity upon which we may focus our atten- 
tion. We may use the terms weight growth, nitrogen growth, 
morphological growth, etc., to distinguish the category of growth 
discussed. 

Growth rates should be defined in terms of the calculus; i.e., 
for any growing quantity Q, the growth rate is dQ/dA at the time 
A. A plot of Q against A will have a slope at any value of A 
equal to the growth rate. Dividing the growth rate by Q gives 


1The parentheses indicate that 1.5 is not an established interphase but 
the age of the youngest embryos studied. 
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a measure of the multiplication of the organism and we will call 
it the multiplication rate. It has also been called the relative 
growth rate or, in terms of per cent, the percentage growth rate. 
It is equal to (1/Q) (dQ/dA) or d In Q/dA and can be obtained 
from the slope of the curve when In Q is plotted against A. This 
is the curve which Brody (1) maintains is made up of a series of 
straight lines and which he therefore divides into phases charac- 
terized by constant multiplication rates. We have not found the 
fitting of straight lines to these plots to be satisfactory because, 
to an undesirable degree, the lines obtained are subjectively deter- 
mined. In addition, the phases are shorter than on the accumula- 
tion diagram. 

When the multiplication rate is multiplied by the age, we obtain 

Aone  ain@ _ dlog@ 
dA dinA dlogA 
which we have called the accumulation coefficient and which is 
the slope on an accumulation diagram such as Fig. 1. 

In a sense the accumulation coefficient is a multiplication rate 
on a new time scale; namely, a logarithmic one. The logarithmic 
scale has certain of the properties of “biological time” as related 
to ordinary time. Thus a unit of ordinary time as measured by a 
pendulum is independent of the history of the object whose changes 
in time we are measuring. In contrast equal units of “biological” 
and logarithmic time scales, as measured by a pendulum, contain 
many more swings of the pendulum far from the origin (0 for 
pendulum time, — ~ for logarithmic time) than they do near it 
and their lengths in pendulum swings therefore depend on the 
history of the object. 

We have defined growth phases as periods during which the 
accumulation coefficient is constant. Some suggestion of the de- 
termining factors in various growth phases can be made. Thus 
the interphase at 4.5 days very nearly coincides with the time of 
maximum relative weight of brain compared to body. The weight 
accumulation prior to this interphase is largely influenced by brain 
weight; afterwards body growth is the important factor. The large 
proportion of cephalic fluid in the brain accounts for the decreas- 
ing per cent of nitrogen of the whole body during the first phase 
of weight accumulation and the relative dryness of muscular tissue 
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accounts for the increasing per cent of N in the last part of Fig. 2. 
Interpretation of the nitrogen and dipeptidase phases requires 
more detailed analysis, but we believe that each phase represents 
the emergence to predominance of the growth of some group of 
organs. Emergence to predominance should not be taken to mean 
that growth of the particular group of organs is confined to a 
single phase. The accumulation of weight in the head of the 
chick embryo certainly continues after 4.5 days, but its contribu- 
tion is overshadowed by the contribution of body growth to the 
weight. 

It is interesting to note that the same interphases appear in the 
several accumulation diagrams. Thus 4.5 days represent an inter- 
phase in weight, nitrogen, and dipeptidase, 10.5 days in nitrogen, 
dipeptidase, dry weight, and ash (Penquite’s (9) and Murray’s (6) 
data). The interphase at 15 days is present in all of these also. 

Huxley (3) has studied relative growth of various parts of or- 
ganisms by means of a heterogonic growth equation, which in 
logarithmic form may be written log Q = log b + k log Q’, where 
@ and Q’ are measurements on two different parts, such as body 
weight and chela weight in the fiddler crab, k is a relative growth 
coefficient, and log b is an intercept constant. Phases may 
appear in plots of log Q and log Q’, as indicated by abrupt changes 
in the slopes of the lines. Thus for the relationship mentioned 
an abrupt change at 1.1 gm. of total weight occurs. Our phase 
equation is consistent with this type of relationship. Thus, by 
combining equations for N and weight in the same period, we 
obtain 


aw 


. an an » 
log N = (is — iw) ao log W 
aw 


Phases of heterogonic growth will appear whenever ay and ay 


change their ratio. 


SUMMARY 


The accumulation of weight, nitrogen, and dipeptidase in Rhode 
Island Red chick embryos has been measured from 1.5 to 18 days 
of incubation. 

The accumulation of any of these quantities can be divided 
into phases of constant accumulation coefficient, d In Q/d In A. 
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The times of division between phases often appear on more than 
one of the accumulation diagrams. The interphase ages probably 
indicate changes in the predominance of factors determining ac- 


cumulation. 
BIBLIOGRAPHY 

1. Brody, S., J. Gen. Physiol., 10, 637 (1927) 

2. Byerly, T., J. Morphol., 60, 341 (1930). 

3. Huxley, J.S., Problems of relative growth, New York (1932). 
4. Levy, M., and Palmer, A. H., J. Biol. Chem., 136, 57 (1940). 
5. Murray, H. A., J. Gen. Physiol., 9, 39 (1925). 

6. Murray, H. A., J. Gen. Physiol., 9, 405 (1925). 

7. Needham, J., Chemical embryology, Cambridge (1931). 

8. Palmer, A. H., and Levy, M., J. Biol. Chem., 186, 407 (1940). 
9. Penquite, R., Jowa Agric. Stat., Research Bull. 232, 1 (1938). 


. Schmalhausen, I., Arch. Entwichlungsmechn. Organ., 108, 322 (1926). 


_ 
~ 
~— 














THE RELATION OF ZINC TO CARBONIC ANHYDRASE* 
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Keilin and Mann (1) have reported that the red blood cell 
enzyme carbonic anhydrase contains 0.31 to 0.34 per cent of zinc, 
and that all of the zine within the red blood cell is found in this 
enzyme. If it could be demonstrated that the presence of zinc 
is essential to the activity of the enzyme, it would mean that the 
first direct, isolated, physiological function of zinc has been found. 
For several years studies have been conducted in this laboratory 
on the physiology of the zinc-deficient rat. Marked decreases 
have been observed in pancreatic trypsin and amylase (2) and in 
intestinal phosphatases (3). Bone phosphatases showed no sig- 
nificant changes. These observations pointed to a disruption in 
digestive and absorptive processes in the gastrointestinal tract, 
and were interpreted as secondary effects of the deficiency (2). 
However, they did explain the decreased rate of absorption and 
disturbances in nitrogen metabolism previously noted (4). 

In this paper we wish to report our results on the purification 
of carbonic anhydrase and the determination of carbonic anhy- 
drase in the zinc-deficient animal. 


EXPERIMENTAL 


Method for Determination of Carbonic Anhydrase—The two com- 
partment “boat’’ technique of Meldrum and Roughton (5) has 
been used with some changes. The boat consisted of a 25 ce. 
Erlenmeyer flask with a wedge melted across the bottom. 1 ce. 


* Published with the approval of the Director of the Wisconsin Agricul- 


tural Experiment Station. 
Supported in part by a grant from the Wisconsin Alumni Research 


Foundation. 
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of 0.2 m sodium bicarbonate in 0.02 n KOH was placed in one 
compartment. 0.1 cc. of the enzyme solution and 1 cc. of phos- 
phate buffer, pH 6.8, were placed in the other compartment of the 
boat. The determinations were run at 0°. The boat was con- 
nected to the water manometer, and after temperature equilib- 
rium had been reached the reaction was started by rapid shaking 


















































Fic. 1. Carbonie anhydrase standard curve at 0°. 1 unit is equivalent 


to 0.15 y of purest enzyme preparation. 


with an electric motor. The rate of this shaking was standardized 
at four back and forth swings through a 90° angle per second. 
Readings on the manometer were taken at 5 second intervals. 
The activity of the enzyme was expressed in terms of arbitrary 
units based on the maximum slopes of the CO, output curves. 
The standard curve, in terms of these arbitrary units, is shown 
in Fig. 1. 
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Method for Determination of Zine—A dithizone colorimetric 
method has been used for the determination of zinc. A sample 
containing between 1 and 5 y of zine is dry-ashed, taken up in 
1 ec. of 5 N HCl, and washed into a small separatory funnel with 
9 cc. of water. This is shaken with 2 cc. portions of a purified 
dithizone solution (2.5 mg. per cent in CCl,). A quantitative 
separation of the copper from zine is thus effected. The CCl, 
phase containing the Cu, and other metals such as Ag and Hg if 
present, is discarded. The water phase in the separatory funnel 
is brought to pH 3.5 with 1.5 ce. of 5N ammonium acetate. Vio- 
lent shaking with 2 ec. portions of the dithizone solution now re- 
sults in the complete extraction of zine ions. The CCl, phases 
containing the red zine dithizonate are run into a 25 ec. volumetric 


TABLE I 


Standards for Zine Determination 


ee L (density) Ratio, 7 
Blank Set at 100 0 
1 y zine 78° 0.104 9.61 
gy" « 62? 0.204 | 9.80 
50° 0.301 | 9.96 
5“ 322 0.488 | 10.20 
1? “© + 107 Pb + 107 Cu 80! 0.097 10.40 


flask. This has now effected a complete separation of the zine 
from lead ions, the latter being untouched by dithizone at this pH. 
After appropriate washings, the excess dithizone in the volumetric 
flask is removed with dilute ammonia (0.1 per cent of a concen- 
trated solution, distilled). The red zinc dithizonate is brought to 
volume with pure CCl, and read on the Evelyn colorimeter, Filter 
520. A blank and standard are run with every determination. 
The results on pure zine solution carried through the above pro- 
cedure are shown in Table I. 

Purification of Carbonic Anhydrase—Defibrinated beef blood ob- 
tained from a slaughter-house has been used as the source material. 
The cells were centrifuged down, thoroughly washed with 0.9 per 
cent saline, and lysed with an equal volume of 35 per cent alcohol. 
The hemoglobin was denatured by shaking with a 0.2 volume of 
distilled chloroform for 10 minutes, allowing to stand overnight 
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in the cold, and filtering on a Buchner funnel. The resulting 
solution had a clear, light amber color. 

A preliminary acetone fractionation on this material was carried 
out. All operations were conducted ina cold room. The acetone 
and all other volatile reagents used in this work were redistilled 
from glass. In the first fractionation the crude chloroform prep- 
aration was treated with 1, 1.5, 2, 2.5, and 3 volumes of chilled 
acetone, in series. Fraction II (1.5 volumes of acetone) was found 
to have the highest specific activity (shown in Table II). A 
second acetone fractionation of Fraction II gave a somewhat in- 
creased specific activity (Fraction II-B of Table II). The zine 
content of this second fraction was 0.171 per cent of the dry 
matter. 




















TaB_e Il 
Purification of Carbonic Anhydrase by Acetone Fractionation 
: Ratio, 
| Znin dry | Specific | yield of ‘. 
| matter | (dry basta) | eee ees ctivity 
_ ideas 7) aa ae 
per cent aa ol | per cent | 
Lysed red blood cells...........| 0.005 63 100 78 X 10% 
CHCl; preparation.............| 0.056 960 | 77 58 
Fraction II (1.5 volumes ace- 
tone fraction)................| 0.144 2700 49 55 
Fraction II-B (fractionation of 
rere 0.171 3330 | 28 51 








A more intensive purification was now carried out, starting with 
the crude chloroform preparation of another batch of beef blood. 
It was found by trial that 10 cc. of a saturated lead subacetate 
solution per liter of preparation resulted in a voluminous precipi- 
tate but no loss of carbonic anhydrase activity. More than this 
amount of lead subacetate caused the marked precipitation of 
enzyme. Since Keilin and Mann (6) had used this proportion of 
the subacetate for the complete precipitation of the compound 
hemocuprein, this step should effect the separation of carbonic 
anhydrase from this copper-containing protein. After a 2 day 
dialysis in the cold, the liter of lead subacetate filtrate was treated 
several times with 25 cc. portions of an aluminum hydroxide 
cream (20 mg. per cc.). This particular batch of alumina cream 
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effected some purification by removal of impurities. 2 volumes 
of chilled acetone were added and the precipitate taken up in 
200 cc. of water. The zinc content was now 0.271 per cent (Table 
III). Absolute alcohol was added to make a 65 per cent alcohol 
solution; the mixture was held at 45° for 15 minutes and centri- 
fuged after rapid chilling. The precipitate was discarded. This 
step gave a slightly greater specific activity and raised the zine 
content to 0.318 per cent on a dry basis. The enzyme was too 
unstable in this extreme dilution to attempt further purification. 
However, the report of Keilin and Mann (1) has been confirmed 
in all essentials. The concentration of the enzyme holds a con- 





TasBe III 
Purification of Carbonic Anhydrase 
wen ] ray ey ; 
Yield Zn in | Ratio, 
lofen-| Dry | Zn | ‘ary | Activity per cent Zn 


matter content| So 
| matter | ‘specific activity 





cent | per cc. es. | 


per mg. | y per | per cent | units | units 
Lysed red blood cells.| 100 121.5 | 2.34 0.002 | 7100! 58 | 34 x 10° 




















CHCl; preparation. .| | 2.7 | 2.06 | 0.077 | 4700 | 1740 | 45 
Lead subacetate | id a. 
filtrate........... | 49 | 1.8| 1.77 7 | 0.098 | 4500 | 2500 | 40 
Al(OH); filtrate. .... | 32 | 0.84 0.167 | 2610 | 3100 | 45 
Acetone fractiona- fa mat 
tion. . ; fc 36) 0.98 - 271 | 2030 | 5650 | 48 
Aleohol (65 %) fil- | My | 
trate. : | 3| 0.09) 0.29 | 0.318 | 610 | 6700 | 47 
* Dry basis. 


stant relation to the concentration of zine through every step of 
the purification, within experimental error. 

The purified material was water-clear and colorless. It contained 
15.2 per cent nitrogen, 0.006 per cent iron, and 0.03 per cent 
copper. 

Since a lead salt was used in the purification, a special effort 
was made to establish the fact that none of this lead was entering 
into the zinc estimation. This was done by shaking the red zinc- 
dithizone complex (in CCl) with 10 cc. of 0.1 Nn NaCN. The 
color was completely removed. Under the same conditions it was 
found that a lead dithizonate was completely stable. 
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It should be emphasized that neither in this work nor in the 
original work of Keilin and Mann is there any indication that the 
maximum zinc concentration in carbonic anhydrase has been 
reached. The following may have some bearing on this point. 
An enzyme sample purified by acetone precipitation and contain- 
ing 0.271 per cent of zinc was made 0.6 saturated with ammonium 
sulfate. The slight precipitate was filtered off and discarded after 
it showed negative activity. The filtrate, after thorough dialysis, 
had a zine content, on the dry basis, of 0.51 per cent. However, 
the ratio of the specific activity to the zinc content was very low, 
and the specific activity itself (units per mg. of dry matter) was 
still about the same as before the ammonium sulfate treatment. 
Because of this it was concluded that no purification had been 
effected and the high zine content was due to the introduction of 
extraneous zinc as an impurity in the ammonium sulfate. How- 
ever, there is an alternative explanation. It is possible that traces 
of the ammonium ions brought about a 50 per cent inhibition, or 
that 50 per cent of the activity was destroyed during the long 
dialysis period, in which case, the 0.51 per cent zinc preparation 
would represent a true purification. 

The dialysis of relatively concentrated solutions of the enzyme 
at pH levels of from 6 to 9 does not remove any of the activity 
or any of the zine. Both zine and activity are lost by dialysis 
below pH 5. The addition of inorganic zinc salts to this dialyzed 
material is unable to restore any part of the lost activity. 

Effect of Inhibitors—Dithizone, which has an avid affinity for 
extremely small traces of ionic zine in neutral or slightly alkaline 
solutions, is unable to produce any significant inhibition of car- 
bonic anhydrase. However, the limited solubility of this dye in 
water is an important factor in this conclusion. A saturated solu- 
tion (35 y or 0.05 mo) does cause a 25 per cent decrease in activity, 
but smaller amounts have no effect. 

Inorganic zine in relatively large amounts (100 y or a final 
concentration of 0.75 mm) produced a 50 to 60 per cent inhibition. 
1 to 30 y of zine had no effect on the enzyme. However, a pre- 
formed zine dithizonate (in 0.02 n KOH) equivalent to 10 y of 
dithizone and 1.8 y of zine was able to inactivate completely the 
enzyme if added directly to the enzyme in the reaction flask. If 
added to the opposite side in the reaction flask, the inhibitory 
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effect was very much less (20 to 30 per cent). This property is 
not specific for the zine dithizonate, for both lead and cadmium 
dithizonates acted the same. It is possible that this action is due 
to adsorption of the enzyme on the colloidal metal dithizonate 
particles. However, the activity could not be regenerated by 
bringing to pH 5 and extracting the free dithizone with CCk. 

Davenport (7) has reported that the thiocyanate ion exerts a 
strong inhibition on carbonic anhydrase. This has been confirmed 
(Table [V). He suggests that this action was due to complex 
formation between one valence of the zine of the enzyme and the 
thiocyanate. That this does not appear to be the case is suggested 





TaBLe IV 
Inhibition of Carbonic Anhydrase by Thiocyanate and Zine Ions 
Addition | Activity Per cent inhibition 

ey | ihwa« — ‘lies es i. 
Se 649 0 
KCNS, 10 m™.... | 44 93 

m a wean bese’ | 110 83 

S >* os 242 63 
ZnSO. 1 “ ... | | 240 63 
KCNS (2 mm) + Zn (1 mm) 121 81 





from results shownin Table IV. The thiocyanate inhibition could 
not be removed by a previous mixing of the thiocyanate with 
equivalent amounts of zinc. Both inhibitors appear to have inde- 
pendent action and do not neutralize each other. 

Carbonic Anhydrase Content of Blood of Zinc-Deficient Rats- 
A zine deficiency was produced in rats as described by Hove, 
Elvehjem, and Hart (2). The blood samples for carbonic anhy- 
drase determinations were obtained by drawing 0.02 cc. of whole 
blood into a standard 5 cc. hemoglobin pipette and diluting to the 
mark with distilled water. Samples for hemoglobin determina- 
tions were taken at the same time. The determinations were made 
within an hour of the bleeding. The results of these determina- 
tions and of analysis of the red blood cells for zine are shown in 
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Table V. There appears to be no very significant decrease in the 
carbonic anhydrase to hemoglobin ratio in the the zinc-deficient 
rats. Correspondingly, there is but a very slight drop in zine 
concentration in the red blood cells. The zine contents of the 
plasmas are not shown, since they have no direct bearing on the 
other determinations. These values varied between 2.5 and 4.0 
y of zinc per cc. of plasma, depending in part on the condition 
of the rat. 
TABLE V 
Carbonic Anhydrase, Hemoglobin, and Zinc Content of Bloods of 
Zinec-Deficient and Normal Control Rats 





10 Zn-low males 5 males, Zn added 





Range /|Average| Range Average 














Hemoglobin, %..... weno re 10.7-14.6 | 12.76 | 12.0-15.8 | 13.50 
Carbonic anhydrase, units per 

ccdalcerd ch visseeccteese | 4.5- 6.5! 4.80] 5.0- 6.7] 5.60 
Carbonic anhydrase, units per gm. | 

) 2 ae | 3.1-4.9| 3.81] 3.5-4.6| 4.18 
Zn in red blood cells, y per cc.....| 12.9-14.4 | 13.4 13.0-15.7 | 14.1 

| 9 Zn-low females 5 females, Zn added 

Hemoglobin, %. ...... + 10.0-14.2 | 12.08 | 13.5-14.3 | 13.78 
Carbonic anhydrase, units per | 

Se eee | 2.5- 5.0] 3.90 | 4.7-6.5] 5.84 
Carbonic anhydrase, units per gm. | 

8 EE ae ae | 2.4 4.0 3.27 3.5- 4.7 4.08 
Zn in red blood cells, y per ce.....| 10.7-15.5 13.4 15.0-16.5 | 15.7 














The average gain per day during the week prior to these determina- 
tions varied from 0.2 to 1.3 gm. for the zine-deficient group, and 2.5 to 
4.6 gm. for the controls with zine added. 


The average daily gain in weight during the week previous to 
sampling was 0.2 to 1.3 gm. for the zinc-deficient animals, and 
2.5 to 4.6 gm. per day for the controls with zine added. 


DISCUSSION 


The observation of Keilin and Mann that carbonic anhydrase 
contains at least 0.3 per cent of zinc and that all of the zinc in the 
red blood cells is present in this enzyme has been confirmed. How- 
ever, there is yet no clue as to the nature of the linkage binding 
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zinc to the rest of the enzyme molecule, nor to a possible prosthetic 
group. 

According to Schorn (8) a protein solution such.as ‘“ash-free”’ 
egg albumin forms definite compounds with various metallic salts, 
in which 1 gm. equivalent of the metal is bound by 5200 gm. of 
the albumin. The metal cannot be removed by electrodialysis. 
On this basis the zinc-albumin compound would contain 0.63 per 
cent of zinc. It will be interesting to see if the carbonic anhydrase 
cannot be purified to the extent that it contains a higher amount 
of zinc than 0.3 per cent. 

Carbonic anhydrase determinations were carried out on rats 
which were quite definitely suffering from a zine deficiency; yet 
no very significant decrease was noted. There did appear to be a 
slight drop in hemoglobin in these rats. Since an anemia would-be 
expected if the hematopoietic organs were unable to synthesize any 
single component of the red blood cells, whether hemoglobin or 
carbonic anhydrase, this fall in hemoglobin level in the zine de- 
ficiency is not particularly strange. If a zine deficiency could be 
produced which was so severe that the animals actually lost weight 
and died, it is possible that a decrease in the carbonic anhydrase 
content of the red blood cells would be found. In some of the 
rats described in a previous paper (2) a much more severe de- 
ficiency occurred, as judged by the growth records. By contrast, 
these rats did show a decreased zinc content of whole blood. In 
the two rats of this group which died, an extremely rapid, gasping 
type of respiration was evident for a week prior to death. There 
was some frothing and foaming at the mouth also. At autopsy the 
lungs showed no congestion, however. 

Since carbonic anhydrase is primarily localized in the red blood 
cells, zinc must have other functions in other tissues. Davenport 
(7) has reported the occurrence of carbonic anhydrase in the 
parietal cells of the stomach mucosa, and van Goor (9) has re- 
ported its presence in the pancreas. Naturally, extreme care must 
be taken to obtain preparations of these organs which are abso- 
lutely blood-free. It is interesting to note that Holmberg (10) 
has reported that a partially purified uricase contained 0.13 per 
cent zinc. 

In an interesting paper, Kiese and Hastings (11) have demon- 
strated that several oxidizing agents are strong carbonic anhy- 
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drase inhibitors. This inhibition could be reversed by reducing 
agents such as ascorbate and cysteine. The same authors (12) 
have shown, also, that certain inorganic substances have a non- 
enzymatic catalytic effect on the hydration and dehydration of 
CO,. Bromine and chlorine had the strongest action, while iodine 
was ineffective. 


SUMMARY 


1. The report that carbonic anhydrase contains at least 0.3 per 
cent of zine and that all of the zinc in the red blood cells is bound 
into this enzyme has been confirmed. 

2. The highly sensitive zine reagent, dithizone, produced little 
significant inhibition of carbonic anhydrase. KCNS was mark- 
edly inhibitory. An equivalent amount of zinc ion was unable 
to neutralize this inhibitory property of thiocyanate. Zinc ions 
alone, in relatively large amounts, produced a 50 to 60 per cent 
inhibition. 

3. Under the experimental’conditions employed there is but little 
significant decrease in the carbonic anhydrase to hemoglobin ratio 
in zine-deficient rats. 
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Specific deficiency diseases caused by lack of dietary nicotinic 
acid have been described in the dog, pig, monkey, and man. In 
the dog and the pig it has been shown that the coenzyme content 
of the liver and voluntary muscle is markedly decreased in the 
deficient animal (1-3) but the coenzyme content of the blood cells 
is not decreased. An early report (4) suggested that the coenzyme 
content of the blood was lowered in deficient humans (pellagrins) 
but later work shows this to be incorrect (5, 6); therefore in three 
of the species the blood coenzyme level does not change signifi- 
cantly in the deficient state, but the level in certain other tissues 
has been shown to fall in the only two species examined. 

No specific nicotinic acid deficiency disease has yet been reported 
in the rat, but on the basis of the results with other species it is 
to be expected that if such disease occurred it would be accom- 
panied by large decreases in the coenzyme content of the liver 
and voluntary muscle, but little change in the blood level. We 
have sought evidence for the existence of such a disease by ex- 
amining the coenzyme content of certain tissues of the rat on 
complete diets and on diets low in nicotinic acid. In addition we 
have obtained figures on nicotinic acid balance in an attempt to 
find whether the rat is dependent on dietary nicotinic acid. 


Methods 


The rats were taken from a breeding colony of the Vanderbilt 
strain (7), maintained on a stock diet of Purina Chow, bread, 
lettuce, corn-meal, whole wheat, pig liver, dried milk, cod liver 
oil, and salt. 
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Two diets were used in the study. Diet 1 was the modified 
Goldberger diet used in previous blacktongue studies (1), fed ad 
libitum, and supplemented daily by 20 y each of thiamine chloride, 
riboflavin, and pyridoxin for each rat. This diet induces black- 
tongue (nicotinic acid deficiency) in dogs, but three of its ingredi- 
ents contain small quantities of nicotinie acid. Acid hydrolysis 
of these materials, decolorization of the digests by the method of 
Melnick and Field (8), and estimation of the nicotinic acid by a 
Konig reaction with metol showed the nicotinic acid contents in 
micrograms per gm. to be for corn-meal 7.8, cow-peas 11.6, 
washed casein 5.7. The diet contained 13 per cent corn-meal, 1.27 
per cent cow-peas, and 1.75 per cent washed casein; the water 
content was 80 per cent. The complete diet therefore contained 
1.3 y of nicotinic acid per gm.; reckoned on a dry weight basis, 
6.5 y per gm. On this diet weanling rats grew slowly, reaching 
a weight of 200 to 300 gm. in 6 to 9 months. 

Diet 2 was designed to have an even lower nicotinic acid content 
than Diet 1. It contained Labco vitamin-free casein 20 per cent, 
sucrose 75 per cent, salts' 5 per cent, and was supplemented for 
each rat daily with 20 y each of thiamine chloride, riboflavin, and 
pyridoxin? and with 2 drops of a yeast extract rich in pantothenic 
acid. It was also supplemented twice weekly with 2 drops of 
cod liver oil. The yeast preparation was a 55 per cent alcohol 
extract,’ treated with phosphotungstic acid to remove nicotinic 
acid. This casein contained 3.6 y of nicotinic acid per gm., and 
the complete basal diet 0.7 y per gm. The daily dose of yeast 
extract for each rat contained 0.8 y of nicotinic acid. 

Rats were sacrificed as required for estimation of the tissue 
coenzymes. These were determined by the factor V method (9) 
which is sensitive to coenzymes I and II and possibly to closely 
related unknown substances. The analyses are expressed in di- 
phosphopyridine nucleotide equivalents; 7.e., micrograms of di- 
phosphopyridine nucleotide (coenzyme I) equivalent in activity 
to 1 gm. of wet tissue. 


1The salt mixture was that described by Drummond and Watson, Ana- 
lyst, 47, 235 (1922). 
* These three vitamins were kindly furnished by Merck and Company, 


Inc. 
* Kindly furnished by Mr. G. F. Siemers of Anheuser-Busch, Inc. 
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Results 


Growth Rate on Diet 1 and Diet 2—The rats taken for experi- 
ment were 21 to 24 days old and most were between 35 and 50 
gm. in weight. On Diet 1 with the supplements described above 
these rats grew slowly but steadily over long periods, and most of 
them remained active and healthy. Some died of intercurrent 
infections; a larger number than would have been expected if the 
stock diet had been used. In the longest trial made, lasting 9 
months, a number of the rats grew to 300 gm. on Diet 1. The 
greatest growth rate observed for any rat was 2.5 gm. daily, 
maintained for 2 weeks; a rate of 2 gm. daily was commonly 
maintained for 6 to 10 weeks. The food consumption was meas- 
ured for some groups and the mean value was 22 gm. daily during 
the first 6 weeks on the diet. The maximum food consumption 
observed in 1 day was 30 gm. 

When Diet 1 was supplemented with 1 mg. or 2 mg. of nicotinic 
acid or nicotinamide daily, no significant difference in growth rate 
was observed in comparison with litter mate controls. 

Rats given Diet 2 with the supplements described above grew 
15 to 30 gm. in about 3 weeks and then remained almost constant 
in weight for long periods. Although stunted, they remained ac- 
tive and appeared to be in good condition. The mean food con- 
sumption was 7 gm. daily per rat. Tests controlled by untreated 
litter mates showed that the addition of 1 or 2 mg. of nicotinic 
acid daily did not cause increased growth. 

Coenzyme Content of Tisswes—Forty rats, in ten groups of four 
each, were sacrificed for estimation of the coenzyme content of 
liver, kidney, and thigh muscle. Each group was of the same age 
and dietary history, but different groups varied from 3 weeks to 
6months old. The 3 week-old rats were weanlings from the breed- 
ing colony; other groups had received one of three diets, (1) the 
stock diet of the breeding colony, (2) Diet 1 with 1 or 2 mg. of 
nicotinic acid daily, or (3) Diet 2 with 1 or 2 mg. of nicotinic acid 
daily. The figures obtained did not show any significant differ- 
ences between the groups, even when the stunted rats kept on 
Diet 2 + nicotinic acid were compared with others of the same 
age on the stock diet, or when 3 week- and 6 month-old rats on 
the stock diet were compared. The results are therefore given 
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only as means, presented in Table I, and are regarded as normal 


values. 


TaBLe | 
Coenzyme Content of Rat Tissues Determined by the Factor V Method 


The coenzymes are expressed in micrograms of diphosphopyridine nu- 
cleotide equivalent to 1 gm. of wet tissue. 


Tissue 
Liver 
Kidney 
Thigh muscle 


; Mean coenzyme Standard 
No. of samples content deviation 
39 HAO 58 
38 519 71 
36 524 60 
Tasie II 


Coenzyme Content of Tissues of Rats Maintained on Diets Deficient in 
Nicotinic Acid, and Effect of Adding Nicotinic Acid 


The values are expressed in micrograms of diphosphopyridine nucleotide 


equivalent to 1 gm. of wet tissue. 





Experiment No 
Diet No. 


Days on diet 


Mean factor V, de- 
ficient diet only 


Mean factor V, de- 
ficient diet + nico- 
tinic acid supple- 
ment 


Ratio, deficient to 
supplemented 


Liver 
Kidney 


Thigh muscle 


Liver 
Kidney 
Thigh muscle 


Li ver 
Kidney 
Thigh muscle 


1 1 1 2 2 2 2 


56 «59 s4 21 24 31 60 


404 446 | 586 449/434 |480 
390 462 | 587 448403 [544 
399 450 576 445/438t 464 


519 509 | 574 587542 (616 
434 4807 537 569549 593 
48344937 546, 547547 607T 


0.780.88 1.020.760.80:0.78) 1.02 
0.90:0.96.1.09'0.7910.7310.92, 0.87 


0.83:0.91,1.050.81.0.80)0.76, 0.98 





Each figure is the mean of four, except when marked (ft), when one of 


the four samples was lost in analysis. 


* In Experiment 7 the tissues of the two groups of rats were compared 


with one another but not with the standard coenzyme preparation. 


To find the effect of deprivation of dietary nicotinic acid on the 


coenzyme level, a number of similar experiments were set up. 


each, a number of weanling rats were placed either on Diet 1 or 
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Diet 2, and divided into two matched groups of litter mates, of 
which one group received added nicotinic acid. After a chosen 
period, four rats on the diet not supplemented with nicotinic acid 
were killed, together with their four litter mates which had received 
added nicotinic acid, and the tissues were analyzed for coenzyme. 
The results of seven experiments are collected in Table II. Analy- 
sis of the data shows that there is a statistically significant de- 
crease in the coenzyme content of the tissues of those rats receiving 
Diet 1 or Diet 2 without the nicotinic acid supplement. The 
decrease on the average is about 10 or 12 per cent for each of the 
three tissues. 


DISCUSSION 


In order to establish nicotinic acid as a vitamin for the rat it 
would be necessary to show that without dietary nicotinic acid the 
rat either fails to survive, fails to grow, or suffers a specific loss of 
function or deficiency disease. Such evidence has never been 
firmly established. Frost and Elvehjem (10) reported a growth- 
promoting action of nicotinamide when it was added to a de- 
ficient basal ration; but the growth did not begin until 2 weeks 
after the nicotinamide was added to the deficient diet. This sug- 
gests that the amide was not acting directly as a vitamin for the 
rat, because the other water-soluble factors (thiamine chloride, 
riboflavin, pyridoxin) all produce an immediate response when 
added to diets from which they have been excluded. 

From the experiments reported above we draw the following 
conclusions. First, the rats can survive for long periods on Diet 1 
and Diet 2. They grow slowly on Diet 1 and scarcely at all on 
Diet 2, but in neither case does the addition of nicotinic acid in- 
crease growth. Therefore a deficiency of nicotinic acid is not the 
factor limiting growth on these diets, and it appears that the 
nicotinic acid requirement of the rat must either be very small or 
non-existent. In the second place, the severe restriction of dietary 
nicotinic acid leads to a decrease in the nicotinamide-containing 
coenzymes of the tissues which is only slight. In the dog which 
suffers from blacktongue after deprivation of nicotinic acid, the 
level of coenzymes in the liver tissue may be down to less than 
50 per cent of the normal value, and for voluntary muscle to 
65 per cent. In the rat, the smaller decrease to about 90 per cent 
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of the usual value is in sharp contrast to this, and suggests that 
the rat is not suffering any serious change due to lack of dietary 
nicotinic acid. The synthesis of the coenzymes takes place to 
almost the same extent as when the rat receives an abundance of 
nicotinic acid. 

The third point to be made is that a balance sheet can be drawn 
which indicates that the rat actually synthesizes nicotinic acid 
when it grows on Diet 1. A common rate of growth maintained 
for at least 3 weeks on Diet 1 by rats in our experiments was 2 gm. 
daily. The food intake was less than 30 gm. Assuming that 80 
per cent of the weight increase occurred in the soft tissues (see 
Donaldson (11)), and that the mean level of coenzyme in the soft 
tissues was 450 y of diphosphopyridine nucleotide equivalent per 
gm. (see Table II), then the rat was synthesizing 1.6 K 4507 of 
diphosphopyridine nucleotide equivalents daily, containing about 
144 y of nicotinic acid. The dietary intake was less than 30 x 
1.3 y = 39 y of nicotinic acid daily. Thus the rat was ingest- 
ing less than 40 y of nicotinic acid daily and laying down over 
140 y in the soft tissues in the form of coenzyme. In addition, 
some must have appeared in the hard tissues and it is probable 
also that urinary excretion of nicotinic acid occurred. There can 
be no doubt that the rat synthesized a good deal more nicotinic 
acid than it ingested. 

The observation that in the growing rat on Diet 1 the tissue 
coenzyme level remained as high as in the rat failing to grow on 
Diet 2 indicates that the rat synthesizes enough nicotinic acid to 
allow the maintenance of this level of coenzyme (which may be 
regarded as a physiological norm) and perhaps no more. The 
10 per cent higher level in the rat receiving abundant nicotinic 
acid may then be regarded as an effect of luxus consumption of 
nicotinic acid. 

As the rat is able to synthesize nicotinic acid when fed on Diet 1, 
we conclude that this compound is not a vitamin for this species. 
This conclusion is opposed to that of von Euler et al. (12) who 
state “dass Nicotinsiureamid fiir den Rattenkérper eine unent- 
behrliche Verbindung von Vitamincharakter ist.”’ This opinion 
is based on their finding that rats on regimens deficient in nicotinic 
acid had a coenzyme level only about half as great as that of rats 
receiving liberal amounts of nicotinic acid. Their figures were 
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expressed as an average level for the whole carcass, and the large 
decrease they report depends upon a smaller number of more 
variable figures than ours. We are unable to discuss these find- 
ings at greater length, since von Euler et al. have not published 
the details of their basal diet. 

It is noteworthy that other workers (13), using the same tech- 
nique and standard preparation of coenzyme, found mean values 
within 2 per cent of ours for rats of the Douredoure strain‘ more 
than 7 days old, when the diet consisted of Purina Chow only. 
During the Ist week of life they found the coenzyme content in- 
creased rapidly. On the other hand, the cozymase content of rat 
tissue has been reported (2) as about twice the value found by 
us. The analysis was by a fermentation test, and a different 
standard and mode of extraction were employed. The cause of 
this difference in absolute values is now under examination. 


SUMMARY 


On two diets low in nicotinic acid the rate of growth of rats 
was not increased by adding nicotinic acid. The coenzyme level 
(pyridine nucleotides) of the liver, kidney, and thigh muscle was 
decreased only about 10 per cent by the deprivation of nico- 
tinic acid. 

On one of the deficient diets the growing rats synthesized coen- 
zymes at a rate utilizing more nicotinic acid than was ingested, 
showing that nicotinic acid itself was being synthesized by the rats. 

The normal level of coenzymes in the tissues of rats receiving 
liberal amounts of nicotinic acid in the diet is 540 y per gm. of liver, 
519 y per gm. of kidney, and 524 y per gm. of thigh muscle. 


Our thanks are due to the John and Mary R. Markle Founda- 
tion for support of this work. 
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For the determination of the phosphatase content of yeast many 
methods have been used (1-3). The usual method is to hydrolyze 
a glycerophosphate and measure the amount of inorganic phos- 
phate liberated. King and Armstrong (4) have shown, however, 
that phenyl phosphate could be used as a substrate and the phenol 
determined. To be satisfactory the method chosen must give a 
measurable amount of hydrolysis in as short a time as possible and 
must not require too much yeast. The advantages in using only a 
small amount of yeast are that there may be only limited amounts 
available and it reduces the amounts of undesirable impurities 
frequently present. 

The method finally chosen was to measure the phenol liberated 
from a mixture of 10 mg. of yeast and 10 cc. of 0.01 m disodium 
phenyl phosphate, buffered with acetate veronal at pH 4.1, after 
20 minutes at 37°. A summary of the experiments on which 
these choices are based follows. 


EXPERIMENTAL 


The treatment of the yeast used in all the preliminary ex- 
periments (Yeast 40) involved washing by centrifugation, drying 
in air and in vacuo over calcium chloride, and finally grinding to 
pass a 40 mesh sieve. 

The Folin and Ciocalteu (5) reagent used for the colorimetric 
analysis of phenol was found to be effective in stopping the 
hydrolysis. 

Effect of Temperature on Rate of Hydrolysis-- Yeast phosphatase 
is active between relatively wide limits of temperature (0-60°) 
and exhibits a maximum near 50°. For this reason 37° was chosen 
as the temperature for performing the hydrolyses because it gave 
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a high rate and was not too near the optimum temperature, above 
which the rate falls very rapidly. 

Effect of pH on Rate of Hydrolysis—The optimum pH for the 
phosphatases in the yeasts used was in the neighborhood of 4.0. 
The buffers used were the acetate veronal buffers described by 
Michaelis (6). All pH values were determined electrometrically 
with a glass electrode. 

Effect of Time on Rate of Hydrolysis—For the estimation of phos- 
phatase it is highly desirable to measure the “initial rate” of 
hydrolysis. For this reason as short a time as possible consistent 
with convenient readings on the colorimeter should be used. 20 
minutes were chosen as a suitable time for the hydrolysis. 

Effect of Substrate Concentration on Rate of Hydrolysis—If the 
substrate concentration is too low, the substrate is almost com- 
pletely hydrolyzed in a few minutes, and it would be difficult to 
distinguish between yeasts with high and low phosphatase con- 
tents. High concentrations of substrate are to be avoided, since 
the substrate is a fairly expensive chemical. For these reasons 
0.01 m was the substrate concentration chosen. When sodium 
8-glycerophosphate is used as a substrate under the conditions 
mentioned above, the amount of hydrolysis is so small that some 
observers using this method have reported that no phosphatase 
was present in certain yeasts. 

Effect of Y east Concentration on Rate of Hydrolysis—As the yeast 
concentration increases, the rate of hydrolysis increases. At all 
concentrations the amount of phenol liberated is proportional to 
the amount of yeast used. However, since it is desirable to 
measure the phosphatase before an appreciable amount of the 
substrate has been hydrolyzed, the smaller the amount of yeast 
used, consistent with convenient readings on the colorimeter and 
accurate sampling, the better. For these reasons 10 mg. of yeast 
were chosen as a suitable amount for each phosphatase deter- 
mination. 

Effect of Products of Hydrolysis on Rate of Hydrolysis—Experi- 
ments have shown that the addition of phenol, even up to 50 
times the amount liberated in the hydrolysis, has no appreciable 
inhibitory effect on the hydrolysis. Phosphate, on the other hand, 
above 0.002 m has an inhibitory effect. This is another argument 
in favor of using as short a time as possible for the phosphatase 
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tests. When excess phenol was added, King’s (7) method for 
the determination of phosphate was used to measure the hydroly- 
sis, and, when excess phosphate was added, Folin and Ciocalteu’s 
method for the determination of phenol was used. 

The procedure finally used is as follows: Into L-shaped rocker 
tubes, described by Eastcott (8), were put 7 cc. of acetate veronal 
buffer, pH 4.1, 2 cc. of disodium phenyl phosphate (substrate) 
0.05 m, and 1 cc. of yeast suspension (10 mg. per ecc.). After 20 
minutes rocking, 5 cc. of the Folin and Ciocalteu reagent were 
added to each tube. The contents were mixed and filtered through 
a No. 42 Whatman filter paper. A 5 cc. aliquot of the filtrate was 
transferred to a 15 cc. volumetric flask, and 1.5 ec. of extra Folin 
and Ciocalteu reagent and 2.5 cc. of sodium carbonate solution 
(20 per cent anhydrous) were added. The solution was made to 
volume with distilled water and, after 20 minutes, the blue color 
produced was compared with a standard phenol solution contain- 
ing 0.1 mg. of phenol per 10 ce. Control experiments were carried 
out with two tubes, one containing substrate and buffer, the other 
buffer and yeast. These controls showed either no blue color or 
only slight traces. 

The phosphatase content of a variety of yeasts determined in 
this way is shown in Table I. The phosphatase unit is defined as 
the number of mg. of phenol liberated by 10 mg. of yeast at pH 4.1 
in 20 minutes at 37° from a solution containing 0.01 m disodium 
phenyl phosphate. 

Note on Yeasts Mentioned Above—Bakers’ Yeasts 30, 40, and 50 
were obtained from Standard Brands Ltd. Yeast 50 was supplied 
to us without the binder usually present in yeast cakes but was 
washed and dried before testing in the same way as was Yeast 40. 
Yeast 30 when received had already been dried, and so it was only 
ground before testing. It had been grown on a protein-rich 
medium. 

The Toronto strain of Saccharomyces cerevisiae I, Hansen was 
the yeast used in those labeled Yeasts $1, 82, 83, and TJ. The 
differences obtained are due to the culture media on which the 
yeasts are grown. After growth the washing and drying treat- 
ment was the same for all. 

Yeast S1 was grown on a standard culture medium containing 
1 gm. of calcium carbonate, 100 gm. of dextrose, 4.2 gm. of potas- 
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sium dihydrogen phosphate, 8.4 gm. of ammonium nitrate, 0.7 gm. 
of calcium chloride (hydrated), and 2.1 gm. of hydrated magnesium 
sulfate per liter. Before making to volume inositol, Bios IIB, 
and calcium pantothenate were added. Yeast S82 had a different 
Bios IIB preparation added to the culture medium and was grown 
for 48 hours instead of the usual 24 hours. Yeast 83 had the 
same bios as did Yeast S2 but was only grown for 28 hours. Yeast 
TJ had the inositol, Bios IIB, and pantothenate replaced by 15 ce. 
of filtered tomato juice. 


TaBLe I 

Determination of Phosphatase in Various Yeasts 
The substrate concentration was 0.01 m disodium phenyl phosphate; 
time 20 minutes, pH 4.1, temperature 37°, yeast 10 mg. per cc.; the phos- 
phatase unit is the number of mg. of phenol liberated. 


Yeast No. Phosphatase units 


40, bakers’ 0.609 
30, ™ 0.480 
50, ” 0.631 
$1, Toronto strain 0.930 
82, o * 0.183 
83, ig ae 0.923 
Td, 2 ai 0.310 
Brewers’ yeast, bottom 0.354 

ee “ top 0.218 


The brewers’ yeasts were obtained from Canada Bud Breweries, 
Ltd., and were washed and dried before testing. 


SUMMARY 

In this paper is presented a procedure for the determination of 
phosphatase in yeast based on King’s application of the use of 
Folin and Ciocalteu’s phenol determination to measure the phenol 
liberated from disodium phenyl phosphate. The method is pref- 
erable to those now in use because it is more rapid and less yeast 
is required for each determination. It is also preferable to the 
phosphate method, because yeasts almost always contain inor- 
ganic phosphate which appears in the controls, whereas none of 
the yeasts investigated contained phenol. 
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The effect of the composition of the medium in which the yeast 
grows on the phosphatase content of the yeast is being inves- 


tigated. 
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It is now 100 years since Mayer voyaged as physician on a 
Dutch vessel to Java and noticed that blood from a superficial 
vein was more red in that climate than in Germany. He mis- 
takenly deduced that the production of heat and the process of 
oxidation must be less in torrid zones than in colder regions. 
Adolph (1) has pointed out some of the fallacies in Mayer’s inter- 
pretations. Blood from an arm vein may vary in composition 
without corresponding variations in mixed venous blood; the blood 
supply to the skin serves the function of regulating temperature 
as well as of transporting gas. In extremely high temperatures 
it may become arterial in character, while in great cold it may be 
nearly deoxygenated. 

Petersen (2) has suggested that venous blood reflects changes 
in the weather. It is his thesis that the pH, CO, content, and 
dependent properties of blood are so sensitive to temperature and 
barometric pressure that they respond in a predictable fashion to 
storm fronts. His work (2) contains a considerable body of data 
on the relation between the properties of blood and day-to-day 
variations in the weather. While we are prepared to accept the 
idea that there is some dependence of the properties of venous 
blood on weather, the degree of dependence of the properties of 
arterial blood on climate, weather, race, and the make-up of the 
individual is less clear. It is these latter questions with which we 
are here concerned. 

Thesites and seasons of our own observations are Boston through- 
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out the year, and Boulder City, Nevada, and Benoit, Mississippi, 
throughout the summer. Our subjects consist of male adult 
Whites and Negroes. We are indebted to Dr. Hastings and Dr. 
Shock for their having made available the dates corresponding 
to their published records on five men studied at Chicago through- 
out a period of 3 years (3). The maximum daily temperatures 
have been supplied by the United States Weather Bureau. 

As intimated above, we have sought as a by-product of this 
study evidence of individual idiosyncrasies. It may be possible 
to characterize an individual as definitively by internal anatomical 
characteristics and by quantitative differences in function as by 
external anatomical features. While this possibility has not 
been explored in detail, there is much to be said in its support. 
Thompson, Corwin, and Aste-Salazar (4) have pointed out the 
dependence of the respiratory pattern, delineated on the pneumo- 
gram, on mental make-up and they have been able to associate 
certain types of pneumograms with certain mental ‘Illnesses. This 
implies that the functioning of the respiratory center is a distinc- 
tive physiological characteristic. Shock and Hastings (3) have 
shown that the cell volume and probably the pCO, values for men 
and for women are significantly different. They also conclude 
that normal individuals differ significantly from one another in 
regard to the acid-base balance of their blood. The hemoglobin 
concentration in the blood of man reflects the balance between 
opposing forces, the formation and destruction of red cells, and 
hence this may be looked upon as giving a clue to the activity of 
certain tissues and organs. Similarly, the alkaline reserve (here- 
inafter referred to at 749 and defined as the CO.-combining ca- 
pacity of oxygenated blood at pCO, = 40 mm. of Hg and at 37°) 
depends on the ingress and egress of acids and on certain processes 
of intermediary metabolism; the CO, content of arterial blood 
depends on alkaline reserve and respiratory regulation; the con- 
centration of protein in serum depends on its rate of movement 
through capillaries, on shifts of water between extra- and intra- 
cellular spaces, and on the water balance of the body as a whole. 
We do not propose to consider many of these points in detail, but 
think it worth while to emphasize that idiosyncrasies of the sub- 
jects as well as racial differences may render more difficult an 
assay of the effects of season and climate. 

The existence of physiological differences between Negroes and 
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Whites other than those dependent on pigmentation and external 
anatomical features is suggested by the superior records of Negroes 
in track and field athletics and by the commonly expressed opinion 
that they have greater resistance to high temperatures than have 
Whites. So far, however, no one has demonstrated unique physio- 
logical characteristics of the Negro that might be related to the 
capacity for energy transformation. During our experiments 
we found opportunities to test both the major premise and the 
deductions that logically follow. 


Methods 


With the exception of the Boulder City data, arterial CO, 
and O, content and capacity were determined in the usual manner 
and pH was calculated by the Henderson-Hasselbalch equation. 
Equilibration was carried out at 37°. At Boulder City the pH 
of arterial blood at 37° wasdetermined directly by the glass 
electrode and Ty) was calculated by use of data given by Peters 
and Van Slyke (5). Values for pH, determined at 37° on the 
glass electrode, and of arterial CO., determined on the Van Slyke 
apparatus, are applied to the line chart of Fig. 96 (p. 907 (5)). 
The slight degree of unsaturation of arterial blood is neglected 
and the factor f is read off the chart. This multiplied by whole 
blood CO, gives plasma CO,. The next step consists in calculating 
the pCO, of arterial blood from the plasma CO», derived above, 
and the pH. Formula 5 of Table 57 (p. 881 (5)) may be used. 
Finally blood CO, at pCO. = 40 mm. of Hg may be estimated 
from the observed arterial CO, and from the calculated pCO, on 
the assumption that in normal blood the slope of the CO, dissocia- 
tion curve is 0.24 mm of CO, per mm. of pCOs, a relation implicit 
in Equation 26 (p. 912 (5)). In cases where the correction of 
blood CO, to a pCO, of 40 mm. exceeds 1 mm we employ the line 
chart of Henderson, Bock, Dill, and Edwards (6). With this 
chart, if the Hb and any pair of values of pCO, and CO, in oxyge- 
nated blood are known, it is possible to derive any other pair of 
values of the latter variables; e.g., CO. when pCO, = 40 mm. of 
Hg which is 7's. 


Results 


Fig. 1 shows the values of pH in a group of 106 men in Boston 
(chiefly Harvard students) studied throughout the year and in two 
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groups studied in Benoit, Mississippi. Corresponding values 
for arterial CO, are found in Fig. 2. Despite the wide range of 
temperatures, there is no clear evidence of a dependence of these 
properties of the blood on the season. The trends of total CO,, 
alkaline reserve, pCO2, and pH with temperature were calculated 
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Fig. 1. Arterial pH in relation to daily maximum temperature. The 
line corresponds to the trend of the observations. 


for the group of 106 students in Boston and for the 100 observa- 
tions on five men made by Shock and Hastings in Chicago (3). 
As appears from Table I, there are slight positive trends with 
temperature of both arterial CO, and Ty in both places. The 
trends in pCO, and in pH were in opposite directions in both the 
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Boston and the Chicago data. If the two sets of data are put 
together, these opposite trends in pH and pCO, nearly counter- 
balance and the positive trends in CO, content and capacity are 
so slight that no convincing evidence is provided for any de- 
pendence of these functions on external temperature. 
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Fic. 2. Arterial CO, in relation to daily maximum temperature. The 
line corresponds to the trend of the observations. 


Petersen’s observations on pH of venous blood (2) were made 
by a colorimetric procedure. Venous blood is ordinarily more 
acid than arterial blood by about 0.03 pH unit and yet Petersen’s 
pH values are more alkaline by about 0.05 than our observations 
on arterial blood. This implies a difference of about 0.08 between 
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pH as determined by Petersen, on the one hand, and by the 
Hastings colorimetric method, the equilibration procedure, or the 
electrometric method, with the glass electrode, on the other, 
Petersen’s pH data on each of four men during 2 summer months 
in Chicago are shown in Fig. 3. There is a small but consistent 
trend in pH for each subject, amounting to about +0.0015 pH 
unit per 1°; for a temperature difference of +20° there is a pH 
increment of 0.03. This amounts to about the normal difference 
between arterial and venous blood. If arterial blood remains 
unaffected by temperature, it would be possible to account for 


TABLE | 
Trends in Composition of Arterial Blood with Temperature 


The trends are calculated by the Pearson formula from the day’s maxi- 
mum temperature reported by the United States Weather Bureau. 








Observers ‘ Shock-Hastings Dill et al. 
Place... ‘ % Chicago Boston 
No. of subjects 5 106 

“ “ observations. ; ; 100 106 
Mean of maximum temperatures, °C.... 9 10 

** total CO2, mm per l 21.7 22.2 
ACO,/At +0.02 +0.01 
Mean 7'4o,* ma per l 21.3 21.5 
AT 4o/At +0.01 +0.02 
Mean pCO:, mm. Hg | 41.2 43.4 
ApCO,/ At +(). 09 —0.04 
Mean pH, 7.395 7.381 
ApH,/At --(0).0005 +0. 0008 





* To or alkaline reserve is defined as the CO, content of oxygenated 
blood equilibrated at 37° at pCO, = 40 mm. of Hg. 


this great a change in venous pH by assuming that skin circulation 
increases so much in high temperatures that venous blood draining 
the skin capillaries remains virtually arterialized. 

We have made similar measurements on members of our party 
in Boston and in summer expeditions to the desert and to the 
humid heat of Mississippi. The values of pH and of arterial CO, 
in desert heat are shown in relation to daily maximum temperature 
in Fig. 4. Two of the men, Adolph and Dill, are in a separate class 
in so far as arterial CO, content is concerned. Eleven observa- 
tions on Adolph and Dill range from 21.9 to 25.0 mm per liter, 
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while twenty-two observations on the other five men range from 
A similar difference was observed in winter, 
and hence we have here individual idiosyncrasies that persist 


19.4 to 22.0 mm. 


despite changes in climate and season. 
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Fig. 3. Venous pH, in four subjects studied by Petersen (2) in Chicago. 
ris Pearson’s coefficient of correlation. 


the only other comment to be made on Fig. 3 is that there is no 
clear relation between the fluctuations in daily maximum tem- 
perature and these properties of blood. 

No racial difference was found in respect to the mean values of 
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arterial CO, and pH. This is evident not only from Figs. 1 and 2 
but also from Table II; the mean values for these two functions 
in two groups of Negroes lie within the limits set by groups of white 
subjects with one exception. 

The foregoing observations give no indication that two selected 
properties of the blood vary with season, but they do not disprove 
the contention of Petersen that there are day-to-day fluctuations 
in these properties that depend on the passage of storm fronts. 
If there is such a dependence, variability in the properties of blood 
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Fia. 4. Arterial CO; and pH during the summer of 1937 at Boulder City, 
a separate symbol being used for each of the seven men studied. No 
consistent differences were seen in pH but two men had a higher CO; 
content than the others. Neither function varied with the outdoor 
maximum temperature. 


should be maximal in our Boston data and in those of Shock and 
Hastings (3) in Chicago. These measurements were made in all 
four seasons and in climates notable for instability. The least 
variability should be found in our measurements in Benoit where 
the summer weather is notable for its uniformity. During our 
stay at Benoit the barometric readings, uncorrected for altitude, 
averaged 749.2 mm. of Hg, with a standard deviation of 2.6. For 
a corresponding period in the summer in Boston the values were 
763.3 + 3.7 mm. and in the winter 764.1 + 7.9. We have ac- 
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cordingly paid particular attention to the variability of pH and 
arterial CO, with respect to climate and season. 

The possibility also exists that there are racial differences in 
variability even though the mean values are not significantly 
different. Negroes are reputed to have a different emotional 














TABLE II 
Arterial pH and CO, Content (in mM per Liter) in Relation to Climate and 
Race 
Gah | | area 
mat g P COs 
Place Subjects 3 Es ve 
3 [Ss] 885 ns 
3 Ja &S |Mean| s.p. |Mean | s.v. 
oN C. que 
Boston Laboratory staff 10} 10) 0-15|7.386/0.018)22.12/0.84 
Benoit | 2: es 10} 16} 32-38)7.403)/0.026/22.09)1.22 
Boston and | Colored students 12} 12} 0-15/7.390/0.020)/22.56)1.25 
Bloomington 
Benoit Colored share crop- | 23} 23} 29-37/7.398/0.021/21.89)1.17 
pers 
Boston Students and faculty|106/106} —5-31/7 .381/0.030/22.22/1.00 
Chicago Shock and Hastings} 5)100|—17-37/7.395)0.032/21 .65}1.38 
(3)* 
" Shock and Hastings} 39)104 7 .404/0 .027/22 .30)1.20 
(7)* 
“ Petersen (2)f 4/223) 20-36/7 .456/0 .027/28 . 45/1. 34 





























* The pH values of Shock and Hastings (3, 7) were determined colori- 
metrically at 38°. We have introduced a correction of +0.005 to bring them 
into line with our measurements made at 37°. We have employed only 
their first observation of each day whenever several were made on the same 
day. 

t Venous blood. The method of Myers and Muntwyler (8) was used for 
pH determination. We have read off values from the curves given by 
Petersen ((2) Fig. 76). 


make-up than Whites and it is true that emotional make-up can 
be reflected in the properties of blood obtained by puncturing an 
artery, or even a finger. While most subjects are little concerned, 
many show a respiratory response which may take the form of 
holding the breath in some or of overventilation in others. 

We find that the arterial pH does not show consistent differences 
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in variability that can be related to climate or race (Table I]). 
The smallest standard deviation was found in our laboratory 
staff in Boston; it was considerably greater in the same group in 
Mississippi. Negroes exhibited the same variability in Boston 
and Bloomington as in Benoit. While the greatest deviations 
occurred in the three large bodies of data collected in Boston 
and Chicago, we are not inclined to attach great significance to 
this, particularly since the smallest deviation in arterial CO, was 
found in the two Boston groups. The only indication in Table I 
that the races may differ lies in the small standard deviation in pH 
in the two groups of Negroes. However, their arterial CO, is not 
unusually constant. 

Other properties of arterial blood are summarized in Table IIT. 
There are only a few points in Table III that deserve special 
mention. The hemoglobin in Negroes is about 8 per cent less 
than in the white subjects, including white share croppers. This 
we believe to be significant; the data will be presented in more 
detail elsewhere in connection with morphological studies of the 
blood. The serum protein in our party was unusually low in 
Mississippi, although it was within the usual limits in other 
groups there. It therefore appears that “thin” blood, while 
not uncommon in the South, is not necessarily a consequence of 
long residence there. It appears to be a racial characteristic of 
Negroes to have thin blood in the sense of low hemoglobin and 
it also seems that in the course of acclimatization Whites may 
undergo a temporary reduction in serum protein concentration. 
Finally, there are two groups in which serum chloride concentra- 
tions are below the usual range; these are the northern Negroes 
and the white share croppers. For this we have no explanation. 


SUMMARY 


The properties of arterial blood do not show a clear cut depend- 
ence on climate or season, nor is the standard deviation in pH 
and arterial CO., observed throughout the year in changeable 
climates, much greater than during the summer in the uniform 
humid heat of Mississippi. Blood from superficial veins appears 
to be more alkaline in hot weather; probably this is partially 
dependent on increased flow of blood through the skin. Negroes 
have less hemoglobin than Whites and their arterial pH may be 
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less variable than that of Whites. There is no other evidence 
for racial peculiarities in serum electrolytes. 
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(From the Department of Physiological Chemistry, Wayne University College 
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During a study to determine the effect of certain inorganic sub- 
stances on the glucose tolerance of the adult albino rat, it was 
observed that some animals of the strain employed (Connecticut 
Agricultural Experiment Station) showed a low tolerance to the 
intraperitoneally administered sugar. The glucose tolerance 
curves obtained on these rats were typically “diabetic’’ in nature. 
At this time a similar observation (1) was reported; 60 per cent 
of the Yale strain of rats 90 days of age or older showed a poor 
tolerance to glucose, whereas rats of the Wistar strain had a 
normal tolerance. Some animals, however, had a nearly normal 
tolerance to glucose at one test period whereas at another period 
they showed a low tolerance. The incidence of the low glucose 
tolerance was less in younger animals, all rats 50 days of age or 
less having normal tolerance curves. Some dysfunction of the 
anterior pituitary has been suggested (4) as a possible cause of 
the diabetic tendency in the Yale strain of rats. 

In preliminary studies, the blood sugar values obtained on our 
rats with a low glucose tolerance showed an unusual trend. There 
was the expected sharp rise to a high value 30 minutes after the 
injection of glucose followed by a decrease after the 60 and 90 
minute intervals. Then there was usually a secondary rise which 


* Aided by a grant from the Committee on Therapeutic Research, Coun- 
cil on Pharmacy and Chemistry, American Medical Association. 

A preliminary report was made before the American Society of Biological 
Chemists at New Orleans, March, 1940. 

t The data herein presented are taken from a dissertation submitted by 
Henry B. Devlin in partial fulfilment of the requirements for the degree 
of Master of Science in Wayne University, 1939. 
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frequently exceeded the first and which was sustained during the 
remainder of a 5 hour period of observation. During the second- 
ary hyperglycemia, the animals frequently became cyanotic and 
exhibited tetanic contractions of various muscles. The seizures 
lasted for as long as 2 or 3 hours. These symptoms suggested 
that a disturbed electrolyte balance, possibly a lowered sodium 
to potassium ratio, might be involved. Considerable evidence 
supporting such an explanation is available. It has been shown 
(3), for example, that the intraperitoneal injection of solutions of 
glucose causes a migration of sodium and chloride ions into the 
injected fluid, thus producing a decrease in serum sodium and 
chloride. Other evidence showing a reiationship between electro- 
lyte balance and the metabolism of carbohydrate will be dis- 
cussed later. 

The present investigation was designed to study further the 
possible relation of sodium chloride to the utilization of glucose 
by rats showing either a hereditary diabetic tendency or a mild 
diabetes resulting from partial pancreatectomy. 


EXPERIMENTAL 


Adult male albino rats of the Connecticut Agricultural Experi- 
ment Station strain fed a stock colony ration were used. Pan- 
createctomized rats were prepared by the usual surgical procedure 
which produces a mildly diabetic animal not requiring insulin. 

A standardized glucose tolerance test was performed on the 
rats after they had been fasted for 16 to 18 hours. Blood samples 
were taken from a tail vein 30, 60, 90, 120, 180, and 300 minutes, 
respectively, after the intraperitoneal administration of 0.35 gm. 
of anhydrous glucose (as an 8.75 per cent solution) per 100 gm. of 
body weight. Blood sugar was determined by the Somogyi micro- 
modification of the Shaffer-Hartmann method (6) on a zine sul- 
fate-sodium hydroxide filtrate. Extreme care was taken to pre- 
vent any loss of sugar by glycolysis. 

The tolerance to glucose alone was determined three times on 
every control and experimental animal. An interval of at least 
10 days was allowed to elapse between tests. The entire proce- 
dure was then repeated on each animal but this time a glucose 
solution containing sodium chloride was injected. The glucose 
solution was made to contain 1.58 per cent sodium chloride, which 
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is isotonic with 8.75 per cent glucose. This concentration of 
sodium chloride was used in order to prevent any migration of 
sodium or chloride ions from the plasma into the injected fluid. 


Results 


It is evident from the averaged data given in Table I that all 
of the intact animals did not respond normally to intraperitoneally 
injected glucose. Approximately 30 per cent of the rats showed a 


TABLE | 
Blood Sugar Values of Intact and Pancreatectomized Rats Administered 
Glucose by Intraperitoneal Injection 
350 mg. of c.p. glucose per 100 gm. of body weight were administered 
as an 8.75 per cent solution. The blood sugar values are given in mg. 
per cent. 


“True” blood sugar 




















Group No. | rats | Fast- | Min. after glucose administration 
™ | 20 | @ | 9 | 120 | 180 | 300 
SOU MEN NETS Miedll Bib h Ei 
1. Intact rats, ners | 3 | 82 | 207 | 201 | 184 | 159 | 156 | 127 
mal tolerance | | 130 | 284 288 | 276 250 | 331 178 
| 47 | 132 116 | 99 98 | 90 | 72 
2. Intact rats, low | 11 | 75 | 268 | 243 | 231 | 224 | 257 | 295 
tolerance | 103 | 655 | 493 | 485 | 450 | 490 | 499 
55 | 169 | 184 | 164 | 140 164 | 182 
3. Partially pancrea-- 8 | 89 | 309 | 318 | 322 | 320 | 337 | 307 
tectomized rats) | 100 | 381 | 447 | 476 | 474 404 | 525 

71 | 226 


| 184 | 216 | 291 258 | 128 











The figures for each group represent average, maximum, and minimum 
values, respectively. 


low tolerance to glucose, as determined by the arbitrary criterion 
(1) of a blood sugar content of less than 180 mg. per cent at the 
end of a 5 hour period as the upper limit for a normal tolerance. 
The poor tolerance of these animals to glucose resembles that of 
the partially pancreatectomized animals, except for the fact that 
the latter did not show an early decrease and a subsequent rise in 
blood sugar values which characterize the usual response of 
intact rats with a low glucose tolerance. It should be added, 
however, that the response of some of the rats having a low 
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tolerance was not invariably the same. As has also been observed 
by Cole and Harned (1), alternations between normal and poor 
tolerances were found in a few animals. These rats were arbi- 
trarily classified in the low tolerance group. 

The fact that the volume of the injected solution and its hyper- 
tonicity were not responsible per se for the hyperglycemia and 
tetanic seizures in the rats having a low glucose tolerance was 
demonstrated by the intraperitoneal administration of volumes of 
isotonic solutions of sodium chloride (1.58 per cent) or of urea 


TaBLe II 


Blood Sugar Values of Intact and Pancreatectomized Rats Administered 
Glucose with Sodium Chloride by Intraperitoneal Injection 


The solution injected contained 8.75 per cent glucose and 1.58 per cent 
sodium chloride. The blood sugar values are given in mg. per cent. 








| “True” blood sugar 

No. of | l 

rats | Fast- == 
|} "© | 23 | © | 9 | 120 | 180 | 300 


Min. after glucose administration 











1. Intact rats, nor-| 7 | 81 | 217 | 214 | 162 | 150 | 128 | 99 
mal tolerance 95 | 266 | 224 192 173 156 137 

73 241 204 145 136 116 85 
2. Intact rats, low 6 | 74 276 248 220 194 154 119 
tolerance 95 | 318 | 292 | 256 | 228 174 150 

64 204 216 | 168 176 120 81 
3. Partially pancrea-| 5 90 | 319 | 240 | 176 | 155 | 121 | 104 
tectomized rats) 156 | 429 | 419 | 368 | 344 | 238 | 162 

66 | 260 | 180 | 105 | 105 | 76 | 76 





























The figures for each group represent average, maximum, and minimum 
values, respectively. 


(2.91 per cent) equal to that of the glucose solution used. No 
significant alteration in the blood sugar level occurred within 
5 hours. 

The results obtained on the animals given glucose with sodium 
chloride are given in Table II. The tolerances to glucose of the 
normal intact animals were but slightly lowered by the adminis- 
tration of sodium chloride. However, the intact rats with a low 
glucose tolerance and the pancreatectomized rats now showed a 
normal tolerance to glucose. Moreover, none of the animals 
which received the solution of sodium chloride and glucose mani- 
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fested the symptoms of muscular tetany seen in the same animals 
given glucose alone. An excessive water intake was observed in 
these animals, an observation previously recorded by Darrow and 
Yannet (3) for animals injected with a hypertonic solution of 
sodium chloride. 

Another small group of animals, the data for which are not 
included in Table II, was injected with a solution of glucose con- 
taining 0.9 per cent sodium chloride. Again there was observed 
a normal tolerance to glucose. 


DISCUSSION 


The observation that sodium chloride improves the tolerance 
of the diabetic rat to intraperitoneally administered glucose is 
supported by the results of other types of experiments. For exam- 
ple, McQuarrie and coworkers (5) have found that in some human 
diabetics the ingestion of sodium chloride improves the utilization 
of carbohydrate. The improvement is manifested by a protein- 
sparing action, decreased glycosuria, lowered fasting blood sugar, 
increased respiratory quotient, and decreased ketosis. Further- 
more, sodium chloride administration to rats increases the deposi- 
tion of glycogen in the liver (2). 

It also appears possible that the prevention of an altered electro- 
lyte balance by the administered sodium chloride may explain its 
favorable effect on the glucose tolerance. The intraperitoneal 
injection of solutions of glucose alone is known to cause a migra- 
tion of sodium and chloride ions into the injected fluid and to cause 
a decrease in the concentration of these ions in the serum (3). A 
decreased sodium to potassium ratio in the plasma could therefore 
occur. This alteration itself might conceivably produce a hyper- 
glycemia and impair the utilization of the injected glucose, since 
it has been shown (7) that the injection of subtoxic amounts of 
potassium salts into rats produces a marked rise in blood sugar 
and a decrease in liver, muscle, and cardiac glycogen. Further- 
more, the administration of potassium chloride causes an increased 
hyperglycemia in some diabetic patients (5). Thus, sodium and 
potassium ions appear to have antagonistic effects on carbohydrate 
metabolism. 

In the present experiments, the favorable effect of sodium chlo- 
ride might be explained therefore in either of two ways. It 
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appears possible that the secondary rise observed in the blood 
sugar values of the intact rats having a low glucose tolerance when 
they are injected with glucose alone might be a result of a decrease 
in the sodium to potassium ratio in the body fluids and tissues. 
The administration of sodium as the chloride could obviously 
prevent such a lowering of the ratio. On the other hand, the 
presence of sodium chloride in the solution of glucose may have 
exerted a direct favorable effect on the utilization of glucose, 
perhaps by way of an augmented rate of glycogenesis. 

The possibility that the addition of sodium chloride to the 
injected glucose may have produced an increased diuresis and an 
increased renal excretion of glucose should also be considered. 
Preliminary qualitative experiments have indicated that this fac- 
tor is of little importance in improving the glucose tolerance. 
Others (5) have even observed a decreased glycosuria in some 
human diabetics after the administration of sodium chloride. 
However, further quantitative studies on this question are now 
in progress. 

An explanation of the reason why some intact rats show a 
normal tolerance to glucose without added sodium chloride whereas 
other intact rats and partially pancreatectomized animals show a 
normal tolerance only when sodium chloride is also injected is 
not possible at the present time. Obviously, further experi- 
mental work is needed to elucidate these questions. 


SUMMARY 


A study of the effect of sodium chloride on the glucose tolerance 
of intact rats with a low tolerance and of partially pancreatec- 
tomized diabetic rats has been made. 

In contrast to the typically diabetic tolerance shown to glucose 
alone, the tolerances of both types of diabetic rats were normal 
when glucose was administered with sodium chloride. 

The possible importance of the sodium chloride in increasing 
glycogenesis or in preventing a hyperglycemia due to a decreased 
sodium to potassium ratio or in increasing the renal excretion of 
glucose is discussed. 
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Studies in the literature on resynthesis of glycogen after exercise 
show that it occurs even in isolated muscles, although in these 
the conditions are obviously far from optimal. Fletcher and 
Hopkins (1) (1907) found a 50 mg. decrease in lactic acid in iso- 
lated frog legs in a 2 hour rest period after work. Even according 
to the subsequently developed Hill-Meyerhof theory, this could 
account for only a small increase in glycogen. Meyerhof (2) 
(1920) found in isolated frog legs which had been stimulated to 
work for 15 to 30 minutes and then were allowed to rest in oxy- 
gen for 21 to 23 hours an average resynthesis of 123 mg. of 
glycogen. 

The resynthesis of glycogen in mammalian muscles after work 
in vivo has also been shown to be rather a slow process. After 
contractions affecting practically all the musculature of the intact 
rat Long and Grant (3) (1930) found that resynthesis of glycogen 
was slow and took much more time than the removal of lactic 
acid. An increase of 55 mg. of glycogen occurred in 2 hours but 
complete recovery took 12 hours. Cori and Cori (4) (1933) found 
a more rapid resynthesis after work (a 15 second tetanus) which 
did not greatly deplete the glycogen stores; namely, an average 
of about 5 mg. per 100 gm. per minute over a 20 minute rest 
period. No increase during 30 minutes of rest after a 30 second 
tetanus in rabbits was found by Sacks and Sacks (5) (1935). 
Flock, Ingle, and Bollman (6) found that resynthesis of glycogen 
during rest in rat muscles which had been stimulated to contract 
three times a second for varying time intervals was a slow process 
and did not occur during the 20 minute period after the starting 
of work when the lactic acid content of the muscles was returning 
469 
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to normal levels. No increase in concentration of glycogen was 
found during continuous work. We have now made further 
studies on the rates of breakdown and resynthesis of glycogen 
in rat muscles during and after work. 
Procedure 

Male rats weighing from about 180 to 200 gm. were anesthetized 
with sodium pentobarbital (nembutal) and the skin was loosened 
from the hind legs. The Achilles tendon of the left leg was 
loaded with a weight of 100 gm. and the muscle stimulated directly 
three times a second, each time with one complete cycle of 60 
cycle current. The apparatus' used for stimulation consisted 
essentially of a disk which rotates three times a second, with a 
movable brush adjusted to make contact in a sector one-t wentieth 
of the circle, thus sending a complete cycle of 60 cycle current 
through the muscle three times each second with a voltage of 50 
through a resistance of 20,000 ohms. After varying intervals 
of work and rest this leg was quickly removed and frozen in a 
mixture of carbon dioxide ice and alcohol. The opposite control 
leg was then removed immediately in the same manner. Deter- 
minations of glycogen were made by a modified Pfliiger method, 
of lactic acid by the method of Friedemann and Graeser (7), and 
of blood sugar by the Shaffer-Hartmann-Somogyi method (8). 


Results 

The average content of glycogen in the muscles of 94 control 
resting legs expressed as mg. of glucose per 100 gm. of muscle 
was 470 mg. Analyses of stimulated muscles showed that a rapid 
drop in glycogen occurred with 1 minute of work, an average 
amount of 265 mg. disappearing during this time (Fig. 1). The 
breakdown of glycogen proceeded for 2 additional minutes at the 
diminished rate of about 36 mg. per minute. Further breakdown 
occurred at a greatly reduced rate, if at all, but the glycogen did 
not disappear completely. 

When the muscles were allowed to rest after a 3 minute period 
of work, there occurred a gradual increase in glycogen with con- 
siderable variation in degree. When the glycogen values were 


‘We are indebted to Dr. E. J. Baldes for the construction of the 


apparatus. 
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compared with the average content of glycogen in the muscles of 
forty-two other rats which worked 3 minutes only, it appeared 
that there is little if any increase in 20 minutes, some in 30, an 
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Fic. 1. Muscle glycogen during continuous work. The dots represent 
the content of glycogen in the working legs after varying intervals of con- 
tinuous work. The average amount in 94 control resting legs was 470 mg.; 
standard deviation 71 mg. 


average of 170 mg. in 1 hour, and an average of 200 mg. in 2 hours, 
or less than 2 mg. per 100 gm. per minute during the 2 hour 
period (Fig. 2). A similar study was made on muscles which 
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worked for 1 minute only and were then allowed to rest. In 
these, resynthesis started with the glycogen at a higher level, 


Average amount in control legs 
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Fig. 2. Muscle glycogen during work and rest. The dots represent the 
content of glycogen at varying intervals after the beginning of work. 
During the first 3 minutes the rats worked, and then rested. The average 
amount in thirty-six control resting legs was 505 mg., standard deviation 
96; the average amount in forty-two legs which worked for 3 minutes was 
133 mg., standard deviation 34. 


that is on the average 205 mg. in contrast to 133 mg. after 3 
minutes work, and proceeded at a somewhat faster rate during 
the 1st hour but again averaged about 2 mg. per 100 gm. per 
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minute over a 2 hour period. A limited number of rats were 
allowed to rest for 24 to 6 hours after 1 minute of work and in 
these practically complete resynthesis was found in all cases. 

This slow, spontaneous resynthesis of muscle glycogen which 
proceeds after the cessation of work is not greatly modified even 
with great variations in the carbohydrate content of the circulat- 
ing blood. No effect was noted when lactic acid, largely as the 
sodium salt, was given intraperitoneally in amounts of 100 mg. 
per 100 gm. before the stimulation and at 20 minute intervals 


TABLE I 
Effect of Epinephrine* during Period of Resynthesis 




















| 7 
mm. 8 | eee ene 
Worked leg Control leg 
min, mg. per 100 gm. mg. per 100 gm. mg. per 100 ml, 
1 27 197 437 142 
2 27 129 509 172 
3 27 122 450 125 
4 57 244 323 185 
5 57 188 315 202 
6 87 323 267 255 
7 87 215 232 245 
8 87 114 279 77 
9 117 245 166 265 
10 117 509 289 230 
11 117 463 325 198 
12 117 183 149 148 

















* Administered to rats in amounts of 0.1 cc. of 1:10,000 solution of 
epinephrine per 100 gm. before stimulation and at 20 minute intervals 
thereafter, except for Rats 8 and 12 which received 0.5 cc. quantities. The 
rats had been fasted 18 hours. 


thereafter. No effect was noted when the blood sugar levels 
were decreased by insulin. The resynthesis of glycogen occurred 
during administration of epinephrine which increased blood lactate 
and sugar but which decreased the glycogen content of the muscles 
of the control leg (Table I). 

Although at first administration of glucose appeared to be of 
doubtful value, subsequent experiments have shown that it does 
increase the rate of resynthesis of glycogen definitely but not 
dramatically. Comparisons of the glycogen following a 1 min- 
ute period of work with and without glucose were made. 
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The mean glycogen for various intervals of rest after 1 minute 
of work, for animals with glucose and for animals without glucose, 
is shown in Table II. The mean glycogen content at every june- 
ture of the rest period is greater for the animals with than for 
those without glucose, but is significant only at 44 and 59 minutes 
rest. However, the mean difference for the animals with and 
without glucose for all the periods of rest is 89 + 26 gm., which is 
statistically significant. It appears that 29 minutes are too short 
a time for much accumulation of glycogen and that after rest of 
more than 1 hour glycogen resynthesis is almost complete in 
both groups of animals. 


TaBLe I] 
Effect of Glucose on Resynthesis of Glycogen after 1 Minute of Work 


sie Without glucose With glucose Difference, with 
rest No. of No. of . Shon al ~——A 
ante Mean glycogen sate Mean glycogen 
min mg. per 100 gm. mg. per 100 gm. mg. per 100 gm. 
29 9 282 + 26 3 340 + 59 58 
44) 4 360 + 13 3 160 + 35 100 
59} 6 367 + 20 | 4 551 + 30 184 
s9 | 4 | 70+46 | 8 543 + 58 73 
9 | 4 | M6435 | 4 | 478+ 24 | 32 
Mean 89 + 26 


The figure following + is the standard error of the mean. 


In other experiments one leg was stimulated to contract for 
3 minutes and then allowed to rest for 29 or 44 minutes. During 
the last 3 minutes of the rest period the opposite leg of the same 
animal was stimulated to contract. The glycogen increase during 
rest was then calculated as the difference of the glycogen content 
of the two legs of the same animal. Rats which received 500 to 
600 mg. of glucose intraperitoneally or intravenously during the 
experiments showed a small but definite increase in the rate of 
resynthesis of glycogen as compared with rats which did not 
receive glucose (Table III). At the end of 29 minutes of rest the 
difference between the mean increase of glycogen for the animals 
with and without glucose was 17 + 14 mg. The difference is 
only 1.2 times its standard error, for which ratio the probability 
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of a chance error is about 10 per cent, so that we could only say 
at this point that the difference is probably real. However, after 
44 minutes of rest the difference between the increase for the 
animals with and without glucose was 48 + 21 gm. The differ- 
ence is now clearly statistically significant. Hines and Knowlton 
(9) have shown that glucose administered by stomach tube may 
produce unusually high values of muscle glycogen. After giving 
glucose in this manner (1.25 gm. 6 and 3 hours before the muscles 
were removed), we found the glycogen content in the control 
muscles to vary from 600 to 1000 mg., which range is distinctly 
higher than the values we found in our other rats. 

It is interesting to observe the changes produced by work and 
rest in animals which have these unusually high amounts of glyco- 


Taste III 
Effect of Glucose on Resynthesis of Glycogen after 3 Minutes of Work 


Without glucose With glucose 
Time of rest oun as SEP: phe 
No. of rats one Creagen No. of rats Been eaagm 
min, mg. per 100 gm. mg. per 100 gm. 
29 10 47+ 9 8 64 + 11 
44 | 10 65 + 11 11 113 + 18 


The figure after + is the standard error of the mean. 
* Obtained by difference from the control leg of the same animal which 
was worked 3 minutes at the end of the rest period. 


gen in their muscles. As work started, the glycogen broke down 
rapidly but this process continued much longer than in muscles 
with ordinary amounts of glycogen. However, the accumulation 
of lactic acid was not greater and was little, if at all, prolonged. 
Therefore although utilization of glycogen associated with the 
starting of work is accompanied by accumulation of lactie acid, 
subsequent utilization may occur without such accumulation. 
In a few experiments when after a 1 minute period of work the 
muscles were allowed to rest for 18 or 28 minutes and then stimu- 
lated to work another minute, the starting of work again produced 
a large accumulation of lactic acid, 214 to 271 mg. This result 
is similar to that found in rats with ordinary amounts of glycogen 
but is of greater extent. At the time of removal of the muscles 
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of the rats which had been given large quantities of glucose by 
stomach tube the blood sugar varied from 150 to 225 mg. per 100 
ec. and the blood lactic acid content from 33 to 69 mg. per 100 
ec. Even under these exaggerated conditions the rate of re- 
synthesis of glycogen was still much slower than the rate of 
breakdown but in some cases was definitely faster than under 
more normal conditions. 

Attempts were made to study the resynthesis of glycogen fol- 
lowing the administration of cyanide, iodoacetate, or azide as the 
sodium salts. Such attempts were ineffective, owing to the 
general poisoning of the whole animal, which was rapidly followed 
by death. When these poisons were used in quantities suffi- 
cient to prevent continuation of work after the lst minute, they 
were without effect on the chemical changes involved in the start- 
ing of work, such as the breakdown of glycogen to lactic acid. 
Under such conditions the effect of these poisons was much the 
same as was obtained from the removal of the circulation. The 
glycogen in the control legs was not greatly affected by the poisons, 
at least over short periods, and the lactic acid content generally 
increased only 20 to 30 mg. Even when muscles were deprived 
of their blood supply by ligation of the aorta or amputation of 
the hind quarters, the glycogen content of control legs did not 
decrease very rapidly. From 9 to 29 minutes after amputation 
the lactic acid content of ten control legs varied from 39 to 70 
mg. Without circulation the muscles were able to work for about 
1 minute only, but they could do this even if they had been with- 
out circulation for 20 minutes. During the minute of work glyco- 
gen broke down and lactic acid accumulated just as in rats with 
normal circulation. If muscles which worked 1 minute after 
amputation were allowed to rest for 15 to 25 minutes and then 
were stimulated for 1 minute, no work was performed, although 
an appreciable amount of glycogen was still present. 


Comment 


Sacks and Sacks (10, 11) have emphasized the importance of 
differentiating the early or anaerobic phase of work from the 
subsequent “direct oxidative’ phase. It appears that glycogen, 
although chiefly involved as a source of energy during the anaer- 
obic phase, may under certain conditions also be involved in the 
oxidative phase. Under our experimental conditions the greatest 
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part of the muscle glycogen broke down during the Ist minute of 
work and produced at this time the maximal accumulation of 
lactic acid and hexose monophosphate. When normal levels of 
glycogen were available at the beginning of work, a significant 
decrease in glycogen occurred for 2 minutes after the peak of 
accumulation of lactic acid had been reached. When unusually 
large amounts of glycogen were available, the breakdown of glyco- 
gen was greatest during the Ist minute and less for the 2nd and 
3rd minutes and detectable amounts continued to break down 
for as long as 30 minutes during continued work. This prolonga- 
tion of the breakdown of glycogen occurred, however, without 
any extension of the period of accumulation of lactic acid. The 
Pasteur enzyme recently described by Stern, Melnick, and Du- 
Bois (12) is of considerable interest in this connection. It may be 
that such a catalyst inhibits the formation of lactic acid from gly- 
cogen very soon after work starts but does not prevent subse- 
quent oxidation of small amounts of glycogen for a limited time 
as work continues. 

When iauscle glycogen was reduced to minimal levels by 3 
minutes of contraction, it was resynthesized so slowly that a 
rest period of at least 2 hours was required before normal levels 
were again approached. This great discrepancy between the 
rates of hydrolysis and resynthesis definitely limits the period of 
effectiveness of glycogen as a source of energy in muscular con- 
traction. Likewise it eliminates the possibility of explaining the 
Pasteur reaction on the basis of oxidative resynthesis, as earlier 
proposed by Meyerhof. Moreover the resynthesis of glycogen 
in intact, mammalian muscle appears to be quite independent of 
the presence of lactic acid, since it does not proceed more rapidly 
when rest ensues after 3 minutes of work than after 15 minutes 
of work, although the lactic acid content is much higher aftér the 
shorter period of work. Also large quantities of lactic acid were 
administered without any effect on the rate of resynthesis of the 
glycogen. Resynthesis did not occur without adequate circula- 
tion. The rate of resynthesis was increased somewhat by the 
administration of glucose, although the concentration of this sub- 
stance in the blood was certainly not the major limiting factor 
in the rate of deposition of glycogen following muscular activity. 
The possible importance of the condition of the muscle proteins 
in this connection cannot be overlooked. 
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SUMMARY 


Breakdown of glycogen in muscles during contractions repeated 
three times each second is very rapid for 1 minute, less so for the 
next 2 minutes, and very slow after that. If, however, unusually 
large amounts of glycogen are present, the time of breakdown is 
more prolonged. We were unable to modify the breakdown of 
glycogen and the accumulation of lactic acid in the muscle during 
the Ist minute of work by the administration of sublethal amounts 
of cyanide, azide, or iodoacetate, or by depriving the muscle of 
its blood supply prior to stimulation. 

During rest after work of 1 or 3 minutes duration the resynthe- 
sis of glycogen is slow. Little glycogen has reformed after 20 
minutes, at which time the excess lactic acid has been removed 
from the muscle. The rate of resynthesis is little influenced by 
the presence of administered lactate or the administration of 
epinephrine or by insulin hypoglycemia. The rate of resynthesis 
is increased somewhat by the administration of glucose. 

The discrepancy between the rates of hydrolysis and resynthesis 
of glycogen definitely limits the effectiveness of glycogen as a 
source of energy in continued muscular contraction. 
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In a recent publication from these laboratories (1) it was shown 
that injections of testosterone propionate in sesame oil into nine 
schizophrenic patients produced a significant increase in serum 
lipids, while injections of sesame oil alone had no effect. In the 
following paper we wish to present the results of a similar study 
on fourteen normal male subjects. The subjects received 50 mg. 
of testosterone propionate! daily for 7 days and blood samples 
were taken before treatment and on the day following the last 
injection. Serum lipids were determined by the method previ- 
ously described (2). 


Results 


The results of the investigation are shown in Table I, and the 
significance of these values was tested by means of Fisher’s tech- 
nique for small samples.2_ It will be noted that the values before 
and after medication show no significant change and that except 
in the case of free chelesterol the values after medication are 
somewhat lower than those before medication. 


‘We are indebted to the Schering Corporation for the testosterone 
propionate used. 
* The following formula was used 


d 


t= nZd* — (2d)? 
V n*® (n — 1) 


where d = difference between each pair of values, d = 2d/n = mean dif- 
ference. 
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DISCUSSION 


The results of this study are in agreement with the results 
obtained by Kochakian and his coworkers (3) on normal and 
castrate dogs. Inasmuch as Randall has shown that the treat- 
ment of schizophrenic patients with injections of testosterone pro- 
pionate (1) produced a significant increase in serum lipid values, 
the failure to obtain such an increase in our normal subjects is 
evidence of a disturbed lipid metabolism in such patients. 

A fundamental difference between the schizophrenic patient and 
the normal subject with regard to the metabolism of male sex 
hormone is shown not only in this action on blood lipids but also 
in the fact that the effect on the excretion of androgens is entirely 


Tasie | 
Serum Lipids of Fourteen Normal Subjects before and after Injection of 
Testosterone 


The values are given in mg. per cent. 














Before | After | t, Fisher | P 
Total lipid............ 535.4 514.4 | 1.25 | >0.20 
Phospholipid.......... 200.7 190.4 1.84 >0.09 
Total cholesterol..... 187.8 160.0 0.92 >0.40 
Free frre 43.2 44.1 0.53 | >0.60 
Ester a ree 124.6 115.6 1.04 >0.30 











Significance attaches only to values of P < 0.05. 


different in the two groups. Looney and Howe (4) have shown 
that, whereas normal subjects react to injections of testosterone 
propionate by a marked increase in the output of androgens, the 
patients fail to respond and show no such increase. It would 
seem probable that these two findings are in some manner inter- 
connected and that the main difficulty is due to an abnormal 
functioning of the oxidative and reductive functions of the tissues 
in schizophrenic subjects. This assumption is consistent with 
previous findings reported from this laboratory that the basal 
metabolic rate is significantly lower in the patients (5), that the 
relationship between oxygen intake and carbon dioxide output 
differs from that of the normal subject (6), and with other studies 
which point to a defective oxygen metabolism (7). 
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SUMMARY 


The injection of 350 mg. of testosterone propionate during a 
period of 7 days produced no significant change in the serum 
lipid values of fourteen normal subjects. 
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It is generally believed that most steroids excreted in urine 
are derived from substances elaborated in the endocrine glands. 
In many instances, however, there are definite structural dis- 
similarities between urinary and glandular steroids and little is 
known about their metabolic interrelationships. Current views 
as to the glandular precursors of urinary steroids are based prin- 
cipally on a comparison of their structures and are supported only 
in a few cases by studies of the excretion products resulting from 
injected material. As steroid hormones have so far been found 
in two endocrine glands, the adrenals and the gonads, it seemed of 
interest to study the effect of the removal of one of these organs 
on the steroid content of urine. We have, therefore, greatly wel- 
comed an opportunity provided through the cooperation of the 
staff of the gynecological division of this department to study 
the urine of ovariectomized women. 

The urine of ovariectomized women has already been examined 
by various investigators using biological and colorimetric methods 
of assay. The urinary excretion of estrogens (1, 2) and of an- 
drogens (2-4) in such cases was lower than that of normal women, 
while the output of 17-ketosteroids was approximately normal 
(4). The methods used, however, were not specific for any one 
excretion product nor applicable to all of the steroids normally 
found in urine. We have therefore attempted to isolate and to 
identify the steroids excreted by such patients. 

The urine used in this study was pooled from several women on 
whom a bilateral salpingo-oophorectomy and hysterectomy had 
been performed. The urine was hydrolyzed with acid, extracted 
with benzene, and the extract freed of acidic and phenolic com- 
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pounds. No attempt was made to isolate the estrogens from the 
phenolic fraction, since the volume of urine extracted seemed in- 
sufficient for this purpose (2). The neutral fraction was separated 
into ketonic and non-ketonic compounds. Both fractions were 
further separated into substances precipitable and non-precipitable 
with digitonin. The ketones which did not precipitate with digito- 
nin were separated by the chromatographic method of Callow (5). 

The non-ketonic fraction yielded cholesterol and pregnanediol. 
From the ketonic fraction five compounds were isolated. Three 
of these were identified as dehydroisoandrosterone, androsterone, 
and a-3-hydroxyetiocholanone-17.!_ The two remaining ketones 
have not been found previously in the urine of women.? The 
first of these new compounds melted at 109°. The analytical 
figures indicated a formula C;,H2s0. The oxygen atom is present 
as acarbonyl group. This was suggested by the mode of isolation 
and confirmed by the formation of a semicarbazone. The location 
of this carbonyl group at C7 was indicated by the characteristics 
of the light absorption after treatment with m-dinitrobenzene and 
alkali (8). On hydrogenation in the presence of palladium ap- 
proximately 1 mole of hydrogen was taken up. The reaction prod- 
uct was a ketone with analytical figures corresponding to Ci9H 00. 
On the basis of its melting point and of a mixed melting point with 
known material (9) the reduced ketone was identified as andros- 
tanone-17. The original ketone was, therefore, an androstenone- 
17. A compound of this type with similar melting point (104°, 
uncorrected) and similar crystal form has been obtained by 
Butenandt and Dannenbaum (9) by treating a-3-chloroandros- 
tanone-17 with potassium acetate at 180°. The position of the 
ethylenic double bond of this product was not established. Mar- 


1 The isolation of these three ketones from the urine of ovariectomized 
women has been reported in a preliminary communication (6). 

? These two compounds may be identical with two as yet unidentified 
substances melting at 100° and 181° respectively, which have been obtained 
from the ketonic, non-alcoholic fraction of the urine of normal men by 
Engel, Thorn, and Lewis (7). Dr. Engel has made a direct comparison of 
the lower melting substances obtained in the two laboratories. We are 
indebted to him for the following information. The compound from 
men’s urine melted at 101.5-103° (corrected), that from the urine of ovar- 
iectomized women at 107-108.5° (corrected), while a mixture of both 
melted at 105-107° (corrected). The two substances could not be distin- 
guished by their crystal form. 
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ker, Kamm, Jones, and Mixon (10) have reported the preparation 
of A,-androstenone-17 (I) melting at 102° from a 3-chloroandros- 
tanone-17 by treatment with boiling quinoline. 


) 
bale 


17 








(I) 


The assignment of structure for this compound was not based 
on direct evidence but apparently on the assumption that the 
removal of hydrogen chloride establishes a double bond between 
C; and C; such as occurs in a-3-chlorocholestane (a-cholestyl 
chloride) when subjected to the same procedure (10). We have 
treated a-3-chloroandrostanone* with pyridine and sodium iodide 
(employing conditions similar to those used by Pearlman and 
Wintersteiner (15) in the removal of hydrogen chloride from 7- 
chloroestrone benzoate) and have obtained an androstenone 
melting at 110°. If no shift of the double bond occurs during the 
reaction, the product is A;-androstenone-17 or A;-androstenone-17 
or a mixture of both. Its identity with the androstenone iso- 
lated from urine was shown by a comparison of the melting 
points and the rotations of the ketones as well as of the melting 
points of the semicarbazones. A product of similar melting 
point (111°), although in lower yield than by the pyridine method, 
was obtained by treating a-3-chloroandrostanone-17 with boiling 
quinoline. As this procedure supposedly yields A,-androstenone- 
17, it is of interest that this reaction product likewise did not 
depress the melting point of the urinary androstenone. This 
observation, however, does not seem to provide sufficient evi- 
dence for establishing the position of the double bond of urinary 


* Various starting materials have been used for the synthesis of this com- 
pound (9, 11-13). The a-3-chloroandrostanone-17 used in this work was 
prepared from androsterone and phosphorus pentachloride according to 
the method of Westphal, Wang, and Hellmann (14). Pearlman and Winter- 
steiner (15) have demonstrated that acarbonyl group at C,; does not react 
with phosphorus pentachloride under these conditions. 
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androstenone between C; and C3, since the discrepancies in the 
melting points of various preparations of androstenone obtained 
in this laboratory and elsewhere (9, 10) suggest that some or all 
of these preparations are not homogeneous, but are mixtures 
most likely of A,- and A;-androstenone. This view is supported 
by an observation of Wieland, Kraus, Keller, and Ottawa (16) 
who reported that the thermal dehydration of lithocholic acid 
yields a mixture of A.- and A;-cholenic acids which cannot be 
separated by fractional crystallization. 

Although the isolation of a urinary steroid that does not carry 
an oxygen atom at C; is no longer a unique finding (17, 18), the 
question must be raised whether androstenone may not have 
formed during the course of isolation, especially since an identical 
product can be prepared from androsterone in the laboratory. 
The only step which conceivably could have effected such a reac- 
tion was the acid hydrolysis of the urine. It seems unlikely that 
free androsterone (or isoandrosterone) could have yielded andros- 
tenone under the conditions employed, but a conjugated form of 
androsterone may be less stable. Even if androstenone should be 
shown to be an artifact arising from such a precursor, its isolation 
from urine in appreciable amounts is not without interest, since 
similar conditions of hydrolysis are generally used in the deter- 
mination of urinary androgens and 17-ketosteroids. The effect 
of such a reaction on the results of bioassays cannot be stated 
at present, since the androgenic potency of androstenone has not 
yet been determined. In the colorimetric assay of 17-ketosteroids 
androstenone is equivalent to an equimolar amount of andros- 
terone. 

The second unknown compound found in the ketonic fraction 
was obtained only in very small amounts and has not been identi- 
fied. Although it could not be distinguished from androsterone 
by the absorption spectrum exhibited after treatment with alkaline 
dinitrobenzene nor by its melting point (184°), a marked depres- 
sion of the melting point was observed on admixture with andros- 
terone. 

Dehydroisoandrosterone (19, 20), androsterone (19, 20), a-3- 
hydroxyetiocholanone-17 (20), pregnanediol (21, 22), cholesterol 
(22), and two estranediols (22) have been isolated from urine of 
normal women. As all of these compounds with the exception of 
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the estranediols have been obtained also from urine of ovariec- 
tomized women, it is evident that in women the excretion of these 
substances does not require the presence of the ovary. Since the 
17-ketosteroids and the pregnanediol found in the urine of ovari- 
ectomized women must originate in an extraovarian source (pre- 
sumably the adrenal cortex), it seems likely that these substances 
when excreted by normal women are derived at least partly from 
the same source. 

The quantities of the 17-ketosteroids isolated by us are appar- 
ently somewhat less than those obtained by Callow and Cal- 
low (20) from urine of normal women. An exact comparison is 
not possible, since the English investigators reported their yields 
in terms of the crude products. In view of this and in considera- 
tion of differences in the isolation procedures employed, of unavoid- 
able losses entailed in the isolation, and of the size of the group of 
patients studied, it seems questionable whether the differences 
in yields are significant. However, even a precise knowledge of 
the quantitative differences in the urinary excreticns of these 
17-ketosteroids of normal and of ovariectomized women would not 
allow one to deduce to what an extent the extraovarian source 
functions in normal women, since the effects of ovariectomy on 
the secretory activity of the adrenals are still unknown. 

The amounts of pregnanediol obtained from the urine of ovari- 
ectomized women (about 0.1 mg. per liter) are significantly less 
than those reported by Venning and Browne (21) for the urine of 
normal women. The Canadian workers isolated this compound 
in its conjugated form and found that its excretion depended upon 
the presence of a corpus luteum. While our findings do not contra- 
dict the view that most of the pregnanediol excreted by normal 
women is derived from the ovary, the data demonstrate that there 
must be an additional source for this excretion product, most 
likely the adrenal cortex. This discrepancy between our con- 
clusions and those of Venning and Browne, however, can be ex- 
plained by the fact that the method for the isolation of the glu- 
curonidate does not allow the estimation of pregnanediol if its 
concentration is less than 0.6 mg. per liter of urine (23). Since 
it has been shown that progesterone is converted into pregnanediol 
in the human (24, 25), and since progesterone has been found in 
ox adrenals (26), it seems likely that the pregnanediol excreted 
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in urine of ovariectomized women is derived at least partially 
from progesterone. As the metabolic conversion of progesterone 
supposedly yields not only pregnanediol, but also other reduction 
products, especially allopregnanediol, a search was made for this 
compound. None, however, has been found. 

Current views as to an adrenal origin of the steroids excreted 
by normal women have been derived mainly from studies of urine 
of women suffering from tumors or hyperplasia of the adrenal 
cortex. Since urine of this type contains substances not normally 
found (27, 28) one is led to suspect that the secretions of these neo- 
plastic or hyperplastic growths may differ from those of normal ad- 
renals not only in amount but also in kind. Nevertheless, the 
conclusions drawn from our findings agree on the whole with those 
based on studies of patients afflicted with adrenal disorders. The 
adrenal origin of dehydroisoandrosterone in normal individuals 
has been suggested (4), since it was obtained in huge amounts 
from the urine of patients with tumors of the adrenal cortex 
(4, 29). Similarly the excretion of abnormally large amounts of 
pregnanediol in cases of adreno-genital syndrome could be traced 
at least in one instance to a carcinoma of the adrenal cortex (30). 
While etiocholanolone (28) has also been found in urine of this 
type, increased concentrations of androsterone have not been 
reported. Therefore, an adrenal origin of androsterone in the 
female is indicated at present only by its excretion in the urine 
of ovariectomized women. 

During the course of this investigation two reports were pub- 
lished dealing with the effects of gonadectomy on the concentra- 
tions and nature of urinary steroids in the male. Marker com- 
pared the steroid content of the urine of steers (31) and of bulls 
(32). Estrone, dehydroisoandrosterone, and androsterone were 
isolated in approximately the same yields from both sources. 
However, pregnanediol and two allopregnanediols were found in 
the urine of bulls only. Callow and Callow (33) examined the 
neutral ketonic fraction of the urine of a eunuch. The normal 
constituents of this fraction, dehydroisoandrosterone, andros- 
terone, and etiocholanolone, were shown to be present, although 
in a ratio that differed greatly from that found in urine of normal 
men (5) or of ovariectomized women. These studies demonstrated 
that in the male also these neutral 17-ketosteroids cannot be of 
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purely gonadal crigin. The conclusions based on the investiga- 
tion of the non-ketonic fraction of steers’ urine, however, differ 
from those presented in this report; for in women the excretion 
of pregnanediol does not depend upon the presence of gonadal 
tissue. 


EXPERIMENTAL’ 


Selection of Patients—Urine was collected from ten ovariec- 
tomized women ranging in age from 28 to 44 years. All but one 
had menstruated regularly up to the time of operation. Otherwise 
none had shown any signs of an endocrine disturbance. The 
indication for the operation—a bilateral salpingo-oophorectomy 
and hysterectomy—was in each instance chronic inflammatory 
disease of the adnexa. Although the ovaries were found to be 
the site of adhesions, the surgeons felt certain that the ovarian 
tissue had been removed completely in each case. Pathological 
examinations of the ovaries demonstrated the absence of malig- 
nant neoplasms. In each case the functional and anatomic 
criteria for complete ablation of the ovaries were checked at 
several postoperative examinations and found to be met satis- 
factorily. The urine collections were not begun until at least 
5 weeks after the ovariectomy and were not continued beyond 
the 7th month after-operation. During this time the women 
were in good health. They did not receive hormonal treatment 
before or during the collection period with the exception of one 
woman, who was injected with 20,000 1.v. of amniotin. However, 
only a small volume of her urine (1.8 liters) had been extracted 
when this became known. No further collections of urine were 
made in this case. 

Collection and Extraction of Urine—The urine was collected 
during the winter months in the patients’ homes in bottles to 
which chloroform or benzene had been added as a preservative. 
The specimens were brought to the laboratory every 2 or 3 days 
and were stored in a refrigerator until they could be hydrolyzed. 
No urine was found to be alkaline to litmus. To 10 volumes of 
urine 1 volume of concentrated hydrochloric acid was added and 


* All melting points reported are corrected. The microanalyses were 
carried out by Mr. William Saschek (College of Physicians and Surgeons, 
New York), the colorimetric measurements by Mrs. D. Leekley. 
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the mixture was refluxed for 20 to 30 minutes. The hydrolyzed 
urine in batches of 3.8 liters was extracted with benzene in a con- 
tinuous extractor’ for 4.5 to 7 hours. Hydrolysis and extraction 
were completed within 2 to 4 days after the receipt of the urine. 

Fractionation of Extracts—The benzene extracts were combined 
periodically, were washed with dilute sodium bicarbonate solution 
and with water, and were taken to dryness in vacuo. The benzene 
residues obtained from 250 liters of urine were distributed bet ween 
3.5 liters of ether and 1 liter of 2 per cent sodium hydroxide solu- 
tion. The ether phase was washed six times with 400 cc. of alkali 
and repeatedly with water and then taken to dryness. The 
residue weighed 7.99 gm. (Batch I). The neutral fraction ob- 
tained from another 260 liters of urine yielded 9.59 gm. (Batch II). 
Both neutral fractions were separated into ketonic and non-ketonic 
material by means of Reagent T (15 gm.) of Girard and Sandu- 
lesco (34). The ketonic fractions contained 2.54 and 2.92 gm., 
the non-ketonic 4.40 and 5.17 gm. respectively. In the following 
sections the fractionation of Batch I is described; unless stated 
otherwise all yields refer, therefore, to an extract of 250 liters 
of urine. 

The ketonic fraction (2.54 gm.) was dissolved in 27 cc. of 75 
per cent ethanol. A solution of 400 mg. of digitonin in 13 ec. 
of 75 per cent ethanol was added. After this had stood for a day 
the digitonide was collected and washed with 6 cc. of cold 75 per 
cent alcohol and repeatedly with dry ether. It was dissolved in 
2.5 ce. of pyridine. 25 cc. of dry ether were added. The digitonin 
was removed and thoroughly extracted with ether. The com- 
bined ether solutions were washed with dilute hydrochloric acid 
and with water and yielded 64.7 mg. (ketones precipitable with 
digitonin). The supernatant and the washings of the digitonide 
were taken to dryness and repeatedly extracted with ether. The 
ethereal solutions yielded 2.311 gm. (ketones non-precipitable 
with digitonin). 

Ketones Precipitable with Digitonin; Dehydroisoandrosterone- 
The digitonin-precipitable fraction (64.7 mg.) was leached with 
30 ec. of warm carbon tetrachloride (Eastman), which dissolved 
62.4 mg. The solution was passed through a column (160 X 


5 The extractor used was similar to one designed by Professor F. C. Koch, 
who very kindly sent us a blue-print of his model. 
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16 mm.) of Brockmann’s aluminum oxide. The colored impuri- 
ties were separated into a brown, a purple, and a yellow zone. 
The column was washed with 150 cc. of carbon tetrachloride, with 
300 cc. of carbon tetrachloride containing 0.1 per cent ethanol, 
and with 275 cc. of carbon tetrachloride containing 0.2 per cent 
ethanol. These solvents eluted 1.6, 6.2, and 2.7 mg. respectively. 
At this point the yellow zone had reached the bottom of the 
column. Subsequent washings with 175 cc. of carbon tetra- 
chloride containing 0.2 per cent ethanol and twice with 150 ce. 
of carbon tetrachloride containing 0.4 per cent ethanol yielded 
22.0, 14.6, and 3.1 mg. respectively (Fractions a, b, c). Finally 
325 cc. of carbon tetrachloride containing 1 per cent alcohol eluted 
4.1 mg.; this eluate contained the purple pigment. 

Fractions b and c were combined and recrystallized from 80 
per cent methanol. 12.2 mg. of colorless needles were obtained, 
melting at 141-151°. Fraction a yielded 15.7 mg. of a less pure 
product melting at 133-148°. For preparing derivatives both 
preparations of dehydroisoandrosterone were combined. 

Dehydroisoandrosterone Benzoate—0.03 cc. of benzoyl chloride 
was added to a solution of 11.7 mg. of dehydroisoandrosterone in 
1 ec. of pyridine. After standing for 12 hours at room tempera- 
ture, the benzoate was precipitated by the addition of water. 
The precipitate was removed by centrifuging and repeatedly 
washed with water. The reaction product showed a character- 
istic low solubility in acetone and was recrystallized four times 
from this solvent. The benzoate melted at 247-251°. A mixture 
with an authentic specimen melting at 254-256.5° melted at 
250-256.5°. 


Analysis —CosH320;. Caleulated. C 79.55, H 8.22 
Found. ** 79.18, ‘* 8.39 


Dehydroisoandrosterone Acetate—11.2 mg. of dehydroisoandros- 
terone were dissolved in 0.6 ec. of pyridine and 0.3 ec. of acetic 
anhydride and kept at room temperature for 12 hours. The 
acetate was precipitated by gradual addition of cold water. The 
crude product (11.7 mg.) melted at 143-147°. Even after ten 
recrystallizations (eight from dilute methanol, two from dilute 
acetone) the melting point had not become sharp or constant. 
However, the melting point of the final product (161-164°) was 
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not depressed by admixture with dehydroisoandrosterone acetate 
which had been prepared from cholesterol (35). 

Fractionation of Ketones Non-Precipitable with Digitonin—Since 
the chromatographic separation of 2.3 gm. of ketones according 
to Callow (5) would have required considerable amounts of solvent, 
an attempt was made to effect the separation of androsterone 
and a-3-hydroxyetiocholanone-17 over a relatively shorter column. 
It appears that this modification is satisfactory for preparatory 
purposes and that after such treatment one recrystallization suf- 
fices for obtaining fractions of approximately the same degree of 
purity as those obtained directly by the original method when 
applied to the neutral ketones from the urine of normal women (20), 

The ketones non-precipitable with digitonin were dissolved in 
40 cc. of carbon tetrachloride and passed through a column 
(290 X 20 mm.) of Brockmann’s aluminum oxide. The column 
was eluted with carbon tetrachloride to which increasing amounts 
of absolute alcohol had been added. The volumes and composi- 
tions of the eluants and the weights and properties of the eluates 
are given in Table I. After Fraction 12 had been collected, ‘the 
column was cut into seven parts which were eluted separately 
with methanol, starting with the lowest zone of the column. 
These eluates are also listed in Table I (Fractions 13 to 19). 

Isolation of Androstenone-17—Fraction 1 failed to crystallize. 
In order to secure more of the ketone isolated from Fraction 2, 
Fraction 1 was subjected to another adsorption procedure. The 
material, which had been stored for several months, was leached 
with 25 cc. of carbon tetrachloride. 25 mg. of an amorphous 
product remained undissolved and were removed by filtration. 
The filtrate was passed through a column (195 X 20 mm.) of 
aluminum oxide. The adsorbent was washed with three succes- 
sive portions of 100 cc. of carbon tetrachloride, which eluted 2 mg. 
and 8 mg. of resinous material and 34 mg. of a crystalline product 
(Fraction la) respectively. Further elution with carbon -tetra- 
chloride (150 and 250 cc.) and with carbon tetrachloride containing 
0.2 per cent ethanol (470 cc.) yielded 3.8, 2.8, and 8.7 mg. of semi- 
crystalline products. By continued elution only colored resinous 
material was obtained. Fraction la was recrystallized twice from 
dilute methanol. 20.9 mg. of colorless rectangular plates were 
obtained, melting at 107-109°. The melting point could not be 
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raised by further recrystallization. Admixture with specimens of 
androstenone prepared from a-3-chloroandrostanone by the pyri- 
dine method (melting at 110° and 114.5° respectively) or by the 


Tasie I 
Chromatographic Analysis of Ketones Non-Precipitable with Digitonin 



























































Eluant (CCh) Eluate 
= c d isolated 
ne Vol- | Ethanol con- | Crude — os —_—— 
ume tent weight Weight M.p. 
oy _ per cent -_.. mg. . C. 
1 340 0 164* Androstenone-17 
2 | 180 0 24t Ketone melting at 184° 
3 250 0.1 50* 
375 0.2 
4 130 0.2 133* 
5 50 0.2 96* 
6 190 0.2 278t | 121 | 143-169 
7 200 0.2 162t , . >Androsterone 
a | 200 a 78 142 | 153-17 |) 
9 | 200 0.2 72* 
+ 92 
“4 a oe oat a | es a-3-Hydroxyetiochol- 
e : 135 | 131-141 anone-17 
12 250 0.2 93t 
Height| _ mae vf 
of zone Eluant 
eluted 
cm, oe 
. Me f 
ce “es armen ea 113 | 131-141 || a-3-Hydroxyetiochol- 
15 1.9 re 36+ anone-17 
16 3.8 . 49* 
17 7.8 3 107* 
18 | 8.0 - 232* 
19 1.8 “ 97* 
* Resinous. 


t Partly crystalline. 

t Crystalline. 
quinoline method (10) (melting at 111°) did not depress the 
melting point. 

Analysis—C,sH2,0. Calculated. C 83.77, H 10.36 


Found. ** 83.63, ‘‘ 10.24 
Rotation—[a]5 = +152° (0.5% in 95% ethanol) 
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On treatment with alkaline dinitrobenzene a purple pigment 
formed. Data on its absorption characteristics are given in 
Table II. 

The ketonic fraction derived from Batch II yielded on similar 
treatment 36 mg. of rectangular plates melting at 96-102°. On 
further recrystallization the melting point was raised to 104.5° 
(the sample softened at about 93°). Admixture with androstenone 
obtained from Batch I did not depress the melting point. This 
material was used for preparing androstenone semicarbazone and 
androstanone. 

Androstenone-17 Semicarbazone—A solution of 9 mg. of andros- 
tenone, 30 mg. of semicarbazide acetate, and 4 mg. of potassium 


TaB_e II 
Extinction of Pigments Formed with Alkaline m-Dinitrobenzene 
(Zimmermann Reaction) 


Extinction at 


Compound Amount ’ ° — 
400 mp | 420 my | 520 my | 540 my | 660 mp 
* 
Androstenone-17 60 0.20 0.25 | 0.61 | 0.55 | 0.08 
Ketone melting at 184° 64 0.18 | 0.22 | 0.61 0.55 | 0.07 
Androsterone 64 0.17 0.22 0.59 0.53 0.07 


The reaction was carried out as described by Callow et al. (8). The 
extinction (—log 7) was determined with an Evelyn photoelectric color- 
imeter with filters with maxima of transmission at the wave-lengths indi- 
cated in the table. 


acetate in 1 cc. of 90 per cent ethyl alcohol was heated under a 
reflux on a steam bath. A precipitate formed within a few min- 
utes. After 1.5 hours the mixture was allowed to cool and a small 
volume of water was added. The semicarbazone was separated 
by centrifuging and thoroughly washed with water. The crude 
product (9.8 mg.) was very sparingly soluble in ethanol. It was 
dissolved in glacial acetic acid and precipitated by the addition 
of ethanol. The final product melted with decomposition at a 
temperature that varied appreciably with the speed with which 
the sample was heated. The melting points which were observed 
on various determinations ranged from 283° to 295°. Androstenone 
semicarbazone prepared from synthetic androstenone-17 showed 
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the same behavior. There was no depression ot the melting 
points when the two preparations were mixed. 


Analysis—(Sample dried at 110° in vacuo) 
CooHs,N;0. Calculated, N 12.76; found, N 12.12 


Androstanone-17—16 mg. of androstenone, 425 mg. of reduced 
palladiumized calcium carbonate (1 per cent) (36), and 11 ce. of 
ethanol were shaken in an atmosphere of hydrogen until the reac- 
tion ceased (15 minutes). 1.3 cc. of hydrogen (27°, 761 mm. 
of Hg) were taken up. The reaction product was fractionated 
by means of Girard’s Reagent T. The ketonic material (15 mg.) 
thus obtained was recrystallized from dilute acetone and yielded 
13 mg. of hexagonal platelets melting at 121-122°. Admixture 
with a specimen of androstanone-17 (melting at 121-122°) obtained 
by catalytic reduction of synthetic androstenone-17 did not 
depress the melting point. 


Analysis—C,sH300. Calculated. C 83.15, H 11.02 
Found. ‘* 82.76, “* 10.82 


Preparation of Androstenone-17—51 mg. of a-3-chloroandros- 
tanone-17 melting at 172-174°, 400 mg. of sodium iodide, and 
2 cc. of pyridine were refluxed for 40 hours under anhydrous condi- 
tions. The reaction mixture was distributed between ether and 
water. The ether was washed with dilute sodium sulfite solution, 
with dilute hydrochloric acid, and with water. The ether yielded 
25 mg. of almost colorless crystals. Upon recrystallization from 
methanol, dilute methanol, and dilute acetone 19 mg. of rectangu- 
lar platelets were obtained that showed a constant melting point 
of 107.5-110°. Rotation, [a] = +151° (0.8 per cent in 95 
per cent ethyl alcohol). 

Another batch of androstenone prepared by the same method 
melted at 111-114.5°. The melting point could not be changed 
by further recrystallization. 


Analysis—C,,H2;0. Calculated. C 83.77, H 10.36 
Found. ** 83.96, “ 10.21 


The lower melting preparation was used for obtaining reference 
specimens of androstenone semicarbazone and of androstanone. 
Ketone Melting at 184°—Fraction 2 was sublimed in a high 
vacuum (about 10~* mm. of Hg) at 80°. The sublimate (5.6 mg.) 
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was recrystallized three times from methanol. 1 mg. of colorless 
prisms was obtained, melting at 183-184°. A mixture with 
androsterone melted at 148-165°. An approximate absorption 
spectrum of the pigment produced on treatment with m-dinitro- 
benzene and potassium hydroxide is given in Table II. 

Androsterone—Fractions 7 and 8 were combined and recrystal- 
lized four times from aqueous ethyl alcohol. 100 mg. of colorless 
prisms were obtained, melting at 182-183°. No change in melting 
point was observed when a sample was mixed with an authentic 
specimen of androsterone melting at 182—183°. 


Analysis—CisHso02. Calculated. C 78.57, H 10.41 
Found. “* 78.64, “ 10.46 


Rotation—[a]5 = +97° (1% in ethanol) 


Fraction 6 was recrystallized from dilute alcohol and from the 
last three mother liquors obtained in purifying Fractions 7 and 8. 
97 mg. of androsterone were obtained, melting at 175-178°. A 
further crop (21 mg.) of crystals with the same melting point was 
isolated from the mother liquors by high vacuum distillation and 
recrystallization. The identity of these preparations was con- 
firmed by mixed melting point determinations with androsterone. 

Androsterone Benzoate—A pyridine solution of androsterone 
melting at 183° was treated for 12 hours with benzoyl chloride 
at room temperature. The mixture was diluted with water and 
taken up in benzene. The benzene layer was washed with sodium 
carbonate, with hydrochloric acid, and with water and was taken 
to dryness. The benzoate was recrystallized from absolute 
alcohol. The final product, an authentic specimen of andros- 
terone benzoate, and a mixture of both all melted at 178-179°. 

a-3-Chloroandrostanone-17—109 mg. of androsterone melting at 
177-181° were dissolved in 8 ce. of chloroform. 110 mg. of dry 
calcium carbonate were suspended in the solution. The stoppered 
reaction vessel was placed in an ice bath and kept agitated while 
156 mg. of phosphorus pentachloride were added in small portions 
during a period of 35 minutes. After 10 more minutes of shaking, 
10 ce. of a cold 7 per cent sodium bicarbonate solution were added. 
The mixture was extracted with benzene, and the aqueous phase 
was separated, acidified, and extracted with benzene. The com- 
bined benzene extracts were washed with dilute hydrochloric acid, 
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with sodium bicarbonate solution, and with water, and yielded 
on evaporation 114 mg. of crystalline material. Upon recrystal- 
lization from alcohol 62 mg. of colorless needles were obtained, 
melting at 172-174°. The mother liquors yielded another 9 mg. 
melting at 170-172°. 


Analysis—C,sH2sClO. Calculated. C 73.88, H 9.46 
Found. Ta.76, " Cae 


a-3-H ydroxyetiocholanone-17—Fractions 11 and 12 were com- 
bined and were recrystallized five times from aqueous alcohol. 
This product (94 mg.) melted at 145-146.5° and was still slightly 
pigmented. Colorless needles melting at 144~-147° were obtained 
upon recrystallization from a mixture of benzene and petroleum 
ether (about 1:1). 


Analysis—C,sH3002. Calculated. C 78.57, H 10.41 
Found. “ 78.72, “ 10.57 
Rotation—|a]5 = +109° (1% in ethanol) 


The second to fifth mother liquors of Fractions 11 and 12 were com- 
bined with Fraction 10 that had been recrystallized once. On re- 
crystallization 62 mg. of etiocholanolone were obtained, melting at 
144-147.5°. Fractions 13 and 14 were freed from an impurity that 
was only sparingly soluble in absolute alcohol and yielded 96 mg. 
on recrystallization from dilute alcohol. This product melted at 
142-151°. Fraction 15 was combined with the mother liquors 
obtained in the purification of the preceding fractions and dis- 
tilled in a high vacuum at 150°. The distillate after recrystalliza- 
tions from dilute acetone and from a mixture of benzene and 
petroleum ether yielded another 31 mg. of etiocholanolone melting 
at 139-149°. There was no depression of the melting points when 
the various preparations of a-3-hydroxyetiocholanone-17 were 
mixed with each other. 

a-3-Hydroxyetiocholanone-17 Benzoate—19 mg. of etiocholano- 
lone (melting at 147°) were dissolved in 1 cc. of pyridine and were 
treated with 0.06 cc. of benzoyl chloride at room temperature. 
The benzoate upon several recrystallizations from absolute alcohol 
melted at 163-164.5°. 


Analysis—CoH 3,03. Calculated. C 79.14, H 8.69 
Found. ** 79.13, ‘** 8.97 
** 78.93, “* 8.54 











498 Urine Steroids 


a-3-Hydroxyetiocholanone-17 Acetale—18.2 mg. of etiocholano- 
lone were acetylated in the usual manner. The crude product 
(21.4 mg.) could be obtained in crystalline state only after it had 
stood for several weeks in the ice box. When seeding crystals 
were available, no difficulty was encountered in recrystallizing this 
material from dilute methanol. The acetate melted at 93-95°, 

Fractionation of Non-Ketonic Material—50 cc. of 95 per cent 
alcohol were added to the non-ketonic fraction obtained from 
Batch I (4.40 gm.). The mixture was brought to a boil and kept 
at room temperature overnight. The dark residue which failed 
to dissolve was removed by centrifuging and was washed with 
25 cc. of 80 per cent alcohol. To the combined supernatants a 
solution of 975 mg. of digitonin in 25 cc. of 90 per cent alcohol 
was added. A digitonide precipitated and was separated after 
40 hours standing at room temperature. It was washed with 
25 cc. of cold 90 per cent alcohol and six times with ether, and 
was decomposed in the usual manner. The digitonin-precipitable 
fraction (196 mg.) crystallized readily. The mother liquor and 
the washings of the digitonide were combined, taken to dryness, 
and repeatedly extracted with ether. The extract yielded 3729 mg. 
of a dark resin (non-ketonic fraction non-precipitable with 
digitonin). 

Non-Ketonic Fraction Precipitable with Digitonin; Cholesterol— 
The non-ketonic digitonin-precipitable fraction (196 mg.) was 
recrystallized from 95 per cent ethanol, from methanol, and from 
petroleum ether. The resulting crystals (92 mg.) melted at 
147-149°. A mixed melting point with authentic cholesterol 
showed no depression. The mother liquors yielded another 37 mg. 
of cholesterol melting at 145-147°. An acetate was prepared 
which melted at 114-115°. Its melting point remained unchanged 
upon admixture with an authentic specimen of cholesterol acetate. 

Non-Ketonic Fraction Non-Precipitable with Digitonin; Preg- 
nanediol—The non-ketonic fraction which did not precipitate with 
digitonin (3729 mg.) was taken up in carbon tetrachloride and 
passed through a column (200 X 30 mm.) of aluminum oxide. 
The column was eluted with 2.4 liters of carbon tetrachloride and 
1.3 liters of carbon tetrachloride containing 10 to 30 per cent 
of ether. These eluants developed a chromatogram exhibiting a 
great number of distinct colored zones. However, the seventeen 
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fractions that were collected during the elution failed to crystallize 
and their description is therefore omitted. The column was then 
washed with approximately 500 cc. of methanol which yielded 
1.909 gm. of resinous material. ‘This residue was dissolved in a 
small volume of acetone. An amorphous precipitate formed which 
proved to be insoluble in ethanol. It was discarded. After 
several days a crystalline precipitate formed in the acetone mother 
liquor. The precipitate was washed with cold acetone and freed 
from material insoluble in alcohol. After recrystallization from 
acetone and from dilute alcohol the product (28.6 mg.) melted at 
235-237°. A mixture with a sample of pregnanediol prepared 
from sodium pregnanediol glucuronidate melted at 235.5-238°. 

23.5 mg. of pregnanediol were dissolved with warming in 2 ce. 
of pyridine and 1.2 ec. of acetic anhydride and kept at room 
temperature for 15 hours. The excess of acetic anhydride was 
hydrolyzed by the addition of water. The acetate was isolated 
in the usual manner and recrystallized from methanol. It was 
obtained in two modifications, one melting at 165-166°° and the 
other at 179.5-180°. Both modifications when allowed to solidify 
after fusion usually melted at 166°. A mixture of the high melting 
modification (m.p. 177.5-179.5°) with an authentic specimen of 
pregnanediol diacetate melting at 179.5-180.5° melted at 179- 
180.5°. When the specimens were remelted, the melting points 
were 165°, 166°, and 166° respectively. 


Analysis—CaH oO. Calculated. C 74.21, H 9.97 
Found. ** 73.65, “* 9.92 


Similar amounts of pregnanediol were obtained from the non- 
ketonic fraction of Batch II by a less involved procedure. The 
material was freed from pigments insoluble in 95 per cent alcohol 
(70 ec.) and distilled in a high vacuum for 21 hours while the tem- 
perature was raised to 150°. The distillate (2.7 gm.) was dissolved 
in 5 ec. of acetone. On chilling, a semicrystalline precipitate 
(117 mg.) formed which was separated. The supernatant was 
concentrated and seeded with allopregnanediol.? No further pre- 


* Preparations of pregnanediol diacetate with a similar melting point 
have been described previously (37, 27). 

? Allopregnanediol was obtained through the courtesy of Dr. O. Kamm 
of Parke, Davis and Company. 
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cipitate formed even when the solution was kept at —12°. The 
precipitate was repeatedly recrystallized from acetone. The final 
product melted at 226-232°. It was acetylated and yielded after 
several recrystallizations 21 mg. of pregnanediol diacetate melting 
at 177.5-179°. The mother liquors were combined with the 
acetylated mother liquors of the free diol. The material (97 mg.) 
was taken up in petroleum ether and adsorbed on alumina. Frac- 
tional elution with the same solvent and with petroleum ether con- 
taining 5 to 20 per cent of benzene yielded two distinct crystalline 
fractions in addition to small amounts of resinous products. The 
crystalline material which was eluted more readily (10.8 mg.) 
was recrystallized from methanol. The final product (2.6 mg.), 
which presumably still contained impurities, melted at 104-109°. 
It has not been identified. 

Analysis—C2H3,0,. Calculated. C 72.89, H 9.45 

CosHe0.. si ** 73.36, “* 9.64 

Found. ** 72.94, ‘* 9.94 


The other crystalline fraction (28 mg.) was obtained from three 
eluates which all melted above 150°. It yielded upon recrystal- 
lization 13 mg. of pregnanediol diacetate melting at 176-179°. 
When a synthetic mixture of pregnanediol diacetate and _ allo- 
pregnanedio! diacetate’? was subjected to the same chromato- 
graphic procedure, it was found that allopregnanediol diacetate 
was less readily eluted than its stereoisomer. The data obtained 
seem to indicate that the crude specimen of pregnanediol that was 
isolated did not contain appreciable amounts of allopregnanediol. 


SUMMARY 


Dehydroisoandrosterone, androsterone, a-3-hydroxyetiochol- 
anone-17, pregnanediol, and cholesterol have been obtained from 
the urine of ovariectomized women. 

In addition two other 17-ketosteroids have been isolated, one 
of which has been shown to be identical with a preparation of 
androstenone-17 obtained from a-3-chloroandrostanone-17. 

The preparation a-3-chloroandrostanone-17 from  andros- 
terone is described. 

It is suggested that in women dehydroisoandrosterone, andros- 
terone, a-3-hydroxyetiocholanone-17, and pregnanediol are derived 
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at least partially from substances that are formed in the adrenal 
cortex. 


The author is greatly indebted to Professor C. Bachman for his 
assistance in the selection of patients and for his helpful interest 
throughout the course of this investigation. 
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KETOGENIC ACTION OF ODD NUMBERED CARBON 
FATTY ACIDS 


By EATON M. MacKAY, ARNE N. WICK, ann CYRUS P. BARNUM 
(From the Scripps Metabolic Clinic, La Jolla, California) 


(Received for publication, July 25, 1940) 


The statement is commonly made that unlike even numbered 
carbon fatty acids the odd numbered carbon fatty acids do not 
give rise to acetone bodies in the mammalian organism. It was 
shown long ago that propionic acid (1) and its higher homologues 
valeric and heptylic acids (2) could form glucose in the phlorhizin- 
ized organism. This led to the conclusion (3) that higher fatty 
acids with uneven numbers of carbon atoms yielded glucose in 
so far as they might form propionic acid by 8 oxidation. This 
glycogenic action of the odd numbered carbon fatty acids has 
more recently been demonstrated in a very convincing manner by 
Deuel et al. (4), who showed a consistent increase in the hepatic 
glycogen of rats after feeding propionic, valeric, heptylic, and 
pelargonic acids. Since the levels of liver glycogen were in the 
same range, they concluded “that 8 oxidation proceeds in a rela- 
tively quantitative manner with fatty acids having an odd num- 
ber of carbon atoms.”’ Since # oxidation of the even numbered 
carbon fatty acids gives rise (5) to acetone body formation, why 
should it not do so from the odd numbered carbon fatty acids. 
In other words what is the fate of the carbon atoms removed 
during their oxidation to the 3-carbon glucose-forming moiety? 
Since the odd numbered carbon fatty acids may form glycogen, 
it has been difficult to conceive of them as forming acetone bodies 
at the same time. However, the recent observation that short 
chain even numbered carbon fatty acids may give rise to acetone 
bodies in the presence of large amounts of liver glycogen and 
during the formation of glycogen by other compounds (6) makes 
this possibility less unreasonable. The question with which our 
experiments are concerned is whether odd numbered carbon fatty 
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acids higher than propionic may form acetone bodies as well as 
glycogen. 
Methods 
The odd numbered carbon atom fatty acids are rather toxic. 
The ethyl and glycerol esters are less toxic in the order named, 
Both esters were used, depending on their availability. Experi- 
ments on rats showed that the absorption of these fatty acids is 


TABLE | 
Details of the Experiments Shown in Fig. 1 


Ex Doses of fatty acid fed looms 
ment lahbit® Fatty acidt fed ea | ao lone 
No. As fatty acid acetone experi- 


bodiest’ ment 


mM per 
kg. 


kg. mM per kg. per cent 
1 | 1.6 | Cy, propionic 99.5, 0 hr.; 99.5, 2 hrs. 0.0 3.8 
2 | 3.0 | Cs, valeric 25.6, 0 “ ;25.6,4 “ 25.6 | 3.2 
3 }18/ « “ 48.8,0 “ -48.8,2 “ 48.8 | 8.5 
4 2.1 | Cy, heptylic § 33.8,0 “ ;33.8,3 “ 67.6 | 7.7 
5 | 1.8] “ ae 37.2, 0 “ ;37.2,4 “ 74.4 8.9 
6 2.4 | Cg, pelargonic 33.4,0 * :23.4,3 “ 67.2 | 7.5 
7 13832 /.° “ / BAG * S83 “ 50.4 | 4.2 
8 | 3.0 | Cy, undecylic | 14.8,0 “ ;14.8,2 “ 59.2 5.9 





* Female rabbits were used except in Experiment 3. 

t The fatty acids were fed in the form of the ethyl esters in Experiments 
2, 6, 7, and 8 and in the form of the glycerol esters in the other experiments. 

t Calculated on the assumption that all of the carbon atoms over 3 
of all these fatty acids are capable of conversion to acetone bodies. 


very slow in comparison with even numbered carbon fatty acids 
in whatever form they are fed. For this reason observations 
were extended over a considerable period of time. Fully fed 
rabbits were used. The esters were administered by stomach 
tube and at varying intervals thereafter arterial blood specimens 
were drawn from the heart. Acetone bodies were determined on 
the blood specimens by the method of Barnes and Wick (7) and 
the liver glycogen concentration was determined (8) at the end 
of each experiment. Typical results are presented in Table I 


and Fig. 1. 
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Results 
The data presented here show that propionic acid (C3) does not 
give rise to acetone bodies. All of the other fatty acids examined 
(Cs to Cy) proved to be ketogenic. Although not strictly com- 
parable, the doses of fatty acids administered were of the same 
order of magnitude. The variations in the blood acetone body 
curves are probably due chiefly to differences in absorption rates. 
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Fic. 1. Effect of feeding ester of odd numbered carbon fatty acids on 
blood acetone body concentration of fed rabbits. 


Undecylic (C,;) acid for instance is absorbed at a much lower rate 
in terms of mm than heptylic acid in the rat. 


DISCUSSION 


From the data presented here we have evidence for the forma- 
tion of acetone bodies from fatty acids, which may simultaneously 


' form glycogen. 


Embden (9) found that the perfusion of a liver with fatty 
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acids containing an odd number of carbon atoms in the chain 
did not increase the amount of acetoacetic acid in the perfusate. 
There are many possible explanations for this, the most likely one 
being the failure to use or being able to use a concentration of 
fatty acid high enough in terms of possible acetone formation to 
give a measurable increase. It is almost impossible to demon- 
strate the ketogenic activity of the odd numbered fatty acids 
through the slow intravenous injection of their sodium salts in 
the intact animal. Their toxicity makes it impossible to inject 
them at a high enough rate. 

Butts (10), Deuel (4), and coworkers reached the conclusion 
that the Cy, C;, and C; acids were not ketogenic and that (C;) 
valeric acid was only slightly so, if at all. The explanation of 
their results rests on the fact that the conclusions were based on 
observations of the ketonuria, and the glycogen-forming pro- 
pensity of these acids would so reduce or abolish the acetone body 
formation from endogenous sources as to make ketonuria observa- 
tions of little value. The acetone bodies have a rather high renal 
threshold and, without their formation from endogenous sources, 
it is almost impossible to administer enough of any ketogenic 
substance which is ketogenic in the presence of adequate carbo- 
hydrate stores to raise the blood acetone body level high enough 
for the production of a measurable ketonuria. 

The odd chain fatty acids have the peculiar property of being 
antiketogenic in so far as the production of acetone bodies from 
endogenous sources is concerned but are ketogenic (except for 
propionic) when their own fate is considered. 

Confirmation of our results in the intact animal is given by the 
observations of Jowett and Quastel (11) with liver slices. They 
found that acetoacetic acid was produced by Cs, C;, and Cs acids 
but not by (C3) propionic acid. 

The fact that valeric acid yields acetoacetic acid is strong 
evidence in favor of the 8 oxidation-acetic acid condensation 
hypothesis of acetone body formation from fatty acids (5), for 
3 of the 5 carbon atoms of valeric acid presumably go to form 
glycogen (2, 4). 

SUMMARY 


In fed rabbits with adequate amounts of liver glycogen and 
without a ketosis the feeding of odd numbered carbon fatty 














MacKay, Wick, and Barnum 507 


acids higher than propionic in the form of their ethyl or glycerol 
esters leads to an increase in the level of acetone bodies in the 
blood. Valeric, heptylic, pelargonic, and undecylic acids were 


all ketogenic. 
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The method here described depends on combustion in a mixture 
of chromic, iodic, sulfuric, and phosphoric acids. With all types 
of organic substances thus far tried this mixture gives theoretical 
yields of carbon dioxide with 1 to 3 minutes boiling. The CO, 
is absorbed in alkali solution in the Van Slyke-Neill manometric 
apparatus and then determined by a development, modified in 
most details, of the procedure introduced by Backlin (1) and 
refined by Van Slyke, Page, and Kirk (13). For absorption of 
the CO, a solution of NaOH and hydrazine is used, the hydrazine 
serving to reduce any halogens evolved during the combustion. 

No changes in the present method are required by the presence 
of nitrogen, sulfur, halogen, alkali metals, nor, so far as has been 
ascertained, any other of the substances that interfere with the 
usual forms of the dry combustion (6). 

The same apparatus serves for submicroanalyses with 0.3 to 
0.7 mg. of carbon, for microanalyses with 2 to 3.5 mg., and for 
macroanalyses with 8 to 15 mg. In the submicroanalyses the 
mean error is of the order of 1 part in 200, while in the micro and 
macro it is of the order of 1 in 500. The time routinely required 
for an analysis, after the sample has been weighed or measured, 
is about 15 minutes. For precise carbon determinations to iden- 
tify organic compounds in the writers’ laboratory the method has 
replaced the dry combustion. 

For analyses of pure compounds wet combustion methods have 
hitherto never attained acceptance by the organic chemist, al- 
though for many years such combustions have been used for exact 
or approximate carbon determinations in special materials. 
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Past failure of the wet combustion to find a place in the organic 
laboratory appears due to the fact that the oxidizing solutions 
used did not give completely quantitative results with the more 
difficultly combustible compounds. The chromic acid oxidizing 
mixture of Friedemann and Kendall (4), for example, gave 99 to 
100 per cent of theoretical CO, yields with a series of twenty 
organic substances, except stearic acid and carbazole, with which 
the yield was 98 to 99 per cent. The chromic acid mixture used 
by Van Slyke, Page, and Kirk (13) was similar to that of Friede- 
mann and Kendall, except that it contained less water and was 
for that reason somewhat more vigorous in oxidation. [odie acid, 
introduced by Strebinger (10), and used by Stanek and Nemes (9) 
and by Christensen and Facer (2), gives theoretical yields of CO, 
with some compounds, but is slower than chromic acid in its 
action. In the experience of the writers, iodic acid, even more 
than chromic, falls short of quantitative results with some of the 
difficultly combustible substances; also it has shown such un- 
predictable variations as to yield a theoretical carbon with tyro- 
sine, but only 70 per cent with tryptophane. It is accordingly 
not surprising that the only wet combustion sanctioned for ele- 
mentary carbon determination by Meyer (6) is one in which the 
gases freed by chromic acid oxidation are passed through a regular 
combustion tube to assure complete oxidation. Since this pro- 
cedure combines the complications of the two types of combustion, 
Meyer naturally recommends it only for materials which resist 
analysis by the dry combustion. 

In arriving at the present combustion mixture, catalysts such as 
silver salts (7) and ceric salts (5) used by previous analysts with 
the wet combustion were added to chromic acid mixtures in anal- 
yses of such difficultly oxidizable substances as cholesterol, palmitic 
acid, and pentaacetyl glucose, and were found to be without 
benefit. The CO, yields remained below the theoretical. Vari- 
ous other catalytic and oxidizing adjuvants were tried with 
entirely negative results. The only exception was iodic acid 
which, added to chromic acid, did increase the yields. Possibly 
the effect is due to the specific ability of iodic acid to oxidize CO 
to CO. The low yields of CO, with former chromic acid methods 
have been attributed to the escape of some of the carbon in the 
form of CO (3). In studies of the effect of water content on the 
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completeness of combustion it was furthermore found, in accord 
with Friedemann and Kendall (4), that the more anhydrous mix- 
tures burned more rapidly and completely. Hence the present 
mixture was evolved, which is a solution of chromic and iodic acids 
in a nearly anhydrous medium of sulfuric and phosphoric acids. 

So few details of the apparatus, reagents, and manipulation of 
Van Slyke, Page, and Kirk (13) remain unchanged that it has 
proved simpler and more concise to describe the present procedure 
completely, rather than to attempt to refer the reader to those 
details of the original that remain unaltered. 


MICRO- AND SUBMICROCOMBUSTIONS 
A pparatus' 


The apparatus used for the combustion is shown in Figs. 1 and 
2. With changes in details it is the same used by Van Slyke, Page, 
and Kirk (13). The combustion tube, 7’, and the connecting tube 
Q are made of Pyrex glass. The core of the cock below F must 
also be of Pyrex glass, or unequal expansion when the apparatus 
warms in use may cause the cock to stick. 

Accessory apparatus is shown in Figs. 3 and 4. 

In Fig. 5 is shown the construction of a sheet aluminum scoop 
and counterpoise that have proved convenient for weighing sam- 
ples on the microbalance. For handling the scoop one uses small 
crucible tongs with chamois skin glued to the inside of the jaws. 
If the scoop were handled with unprotected metal jaws, the 
aluminum would be worn off at a rate which would rather rapidly 
diminish its weight. 

Alundum (crystalline alumina) pieces to promote smooth boiling 
of the combustion mixture are cleaned by boiling them in combus- 
tion fluid, washing with water, and drying. They are kept 
protected from dust inasmall Petri dish. The pieces, 1 to 2 mm. 
long, are size No. 14 of the Norton Company. Presumably 
sand of similar particle size would do as well. 

Reagents— 

Chromic acid combustion fluid. In a 1 liter Pyrex Erlenmeyer 
flask, provided with a ground glass stopper, place 25 gm. of CrOs, 


1The apparatus can be obtained from Eimer and Amend, and from 
E. Machlett and Son, New York. 
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followed by 167 cc. of syrupy phosphoric acid (sp. gr. 1.7) and 333 
ec. of fuming sulfuric acid (20 per cent free SO;). Leaving the 
stopper off, heat the mixture on a wire gauze until the temperature 
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Fic. 1. Apparatus after delivery of alkali into chamber, and before the 
start of the combustion. 

Fic. 2. Apparatus at start of combustion. The chromic acid solution 
has been run into the combustion tube and the flame has just been brought 
under it, but, as shown by the low level of the mercury in the manometer, 
evolution of CO, and O; has not yet begun. 


reaches 140-150°. Rotate the flask gently at times to assist 
solution of the chromic anhydride and escape of CO, formed by 
oxidation of any traces of organic matter that may be present. 

















D. D. Van Slyke and J. Folch 513 


When 150° has been reached, remove the flame, cover the open 
flask with an inverted, lipless, 150 cc. beaker, and let the mixture 
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Fic. 3. Accessory apparatus. A, small bottle of mercury arranged for 
sealing capillary of cock b (Fig. 1) ; B, Pyrex 100 cc. flask weighted with small 
lead shot serving as a stand for combustion tube after analysis; C, 100 cc. 
bottle provided with cover and ground joint to prevent access of moisture 
to combustion fluid; D, cylinder for holding alkaline hydrazine solution, 
hung with tip protected from atmospheric CO,; E, fruit jar arranged for 
drying and storing washed combustion tubes. 1 quart jars serve for the 
15 cc. tubes used for microcombustions, and 2 quart jars for the 25 ec. tubes 
used in macrocombustions. 
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cool to room temperature. When cool, insert the glass stopper, 
but also keep the inverted beaker permanently over the stopper 
to prevent dust from settling on the rim of the flask and contam- 
inating the fluid as the latter is poured out. For use in analyses a 
portion of the fluid is poured into a protected bottle, of 100 ce. 
capacity, as shown in Fig. 3, C. 

The fluid must be protected from absorption of water from the 
atmosphere, as water diminishes the efficiency for combustion. 





Ur 4 





—100cc. 
bulb 
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Fic. 4. A, glass tubes for measuring 100 and 200 mg. of pulverized KI10Os. 
The inside diameter is about4mm. The measuring receptacle can be made 
somewhat oversize, and ground down to exact measure on an emery wheel. 
B, attachment of suction pump to leveling bulb to raise and lower the 
mercury in chamber C (Fig. 1) without moving the leveling bulb. 


Besides its oxidizing efficiency, the anhydrous acid mixture has 
the advantage of a high solvent power for chromic acid; it dissolves 
over 25 gm. of CrOs per 100 cc. at room temperature. 


Since the CrO; is hygroscopic and may vary in its moisture content, it 
is desirable to check the chromic acid concentration of the solution by 
titration. The chromic acid solution as made up, 5 gm. per 100 cc., would 
be nearly 0.5 m if the CrO; were anhydrous. The concentration shown 
by titration of our reagents has consistently been about 0.475 m. If a solu- 























D. D. Van Slyke and J. Folch 515 





— —. 





90 mm 











Cee eee 


- 
Pn 4 
\ ; 

‘ ‘ 

' 

' ' 

' ‘ 

i 

owe 











3 
























































Counterweight 


Fic. 5. Sheet aluminum scoop and counterweight used in weighing 
samples for microcombustions. The aluminum used is of 0.25 to 0.30 mm. 
thickness. The upper drawing indicates the pattern in which the sheet 
metal is cut, with the dimensions in mm., and the lines of sharp bends 
shown by broken lines. The scoop is shaped in a half cylinder by bending 
it about a rod of 7 mm. diameter. The back portion, with the folded metal, 
serves as a handle, and as a weight centered below the scoop to insure the 
latter against overturning on the balance pan. 





tion as prepared is found to be weaker than 0.475 m, enough more CrO; 
should be added to bring it up to this concentration. The titration is 
carried out as follows: 

Dilute a portion of the chromic acid solution to 10 volumes with water. 
Of the diluted solution measure 3 cc. into a 50 ec. Erlenmeyer flask, and 
add 5 cc. of water and 10 cc. of 10 per cent KI solution. After the flask 
has stood quietly for 5 minutes to complete the reaction between chromic 
acid and HI, the iodine produced is titrated with 0.1 n thiosulfate. (Ce. 
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of 0.1 n thiosulfate used X 0.1) = (molar concentration of chromic acid in 
the combustion fluid). This standardization should be repeated once a 
month, as the reagent loses strength on standing. 


Potassium iodate, reagent grade, pulverized. 

Approximately CO,-free 0.5 N NaOH plus 0.3 m hydrazine. A 
solution of approximately CO.-free NaOH of 0.815 + 0.005 n 
concentration is first prepared sufficient to last for a season’s 
combustions. A liter or two of distilled water is acidified with a 
few drops of dilute acid and is boiled to expel CO.. The water 
is cooled in a flask protected from atmospheric CO, by a soda lime 
tube, and enough concentrated (18 to 20 nN) NaOH solution, from 
which carbonate has been allowed to settle, is added to bring the 
solution to somewhat over 0.815 N concentration. A portion is 
titrated, and the remainder is diluted with a volume of water 
calculated to bring the concentration down to 0.815 nN. The solu- 
tion is stored in a paraffin-lined aspirator bottle, of which the 
stopper is provided with a soda lime tube, while the outlet con- 
nects with a capillary glass tube of 2 mm. bore and 12 or 15 em. 
length; the rubber tube connecting the capillary tube to the 
bottle’s outlet is of walls about 3 mm. thick. 

From this solution the alkaline hydrazine solution is made in 
portions sufficient only to last for about a month, as the hydrazine 
slowly decomposes. Into a volumetric flask one weighs 2 gm. of 
hydrazine sulfate for each 100 cc. capacity of the flask. The 
capillary outlet of the 0.815 Nn NaOH bottle is washed free of any 
adhering carbonate, and a little of the alkali solution is wasted, 
to wash out any carbonate that may have formed in the outlet. 
The outlet capillary is then inserted nearly to the bottom of the 
flask with the hydrazine sulfate, and alkali is run in until the flask 
is about two-thirds filled. Without withdrawing the delivery tube, 
the flask is whirled a few times to dissolve the hydrazine. Alkali 
solution is then added until the flask is filled to the mark. The 
flask is stoppered and the solution mixed. The solution is then 
at once drawn by suction into the cylinder shown in Fig. 3, D. 
The last fifth of the alkaline hydrazine solution is left in the volu- 
metric flask, as this portion is more likely to be contaminated with 
atmospheric COs. 

When not being used for delivery of alkali, the cylinder with the 
alkali-hydrazine solution is kept with its tip protected from CO: 
as shown in Fig. 3, D. 
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The hydrazine in the alkaline solution loses about half its strength on 
standing for a month under ordinary laboratory conditions. It is ade- 
quate until the loss exceeds this amount. When alkali-hydrazine solution 
is made up, it should be dated, and at the end of a month any that is left 
is discarded. 

The hydrazine content can be determined gasometrically in a few min- 
utes as follows: The alkaline hydrazine solution is diluted 5-fold. 1 ce. 
of the dilute solution is measured with a stop-cock pipette into the chamber 
of the gas apparatus, and is followed by 1 ec. of saturated KIO; solution. 
The mercury in the chamber is lowered to the 50 ec. mark, and the chamber 
is shaken for 2 minutes to extract the N, formed by the reaction, 2NaIO; + 
3N:H, = 3N: + 2NalI + 6H,O. The p; reading is taken with the gas at 
2cc. volume. A blank analysis is made with water in place of the diluted 
hydrazine solution, and the manometer reading is taken as pe. The pres- 
sure Py, of N; from hydrazine is calculated as Px, = p; — po. To calculate 
the molar concentration of hydrazine in the alkali reagent solution one 
multiplies Px, by 5 times the factor for a 1 cc. sample in Table 30 (fifth 
column) of Peters and Van Slyke (8), or in Table III (seventh column) 
of Van Slyke and Neill (12). (The fact that the S value stated in the 
tables is 3.5 cc., while it is 2 cc. in the hydrazine analyses, is without sig- 
nificant effect, because of the slight solubility of N».) The alkaline hy- 
drazine solution as made up is 0.154 m in N;,H, concentration, and gives on 
analysis as described above a Py, of 280 mm. at 20°. 


It is desirable to make the concentrations of NaOH and hydra- 
zine sulfate exact, as they affect the solubility of CO, in the 
acidified reagent mixture from which the CO, is extracted at the 
end of the combustion, and the solubility affects the calculation 
factors. 

2 N lactic acid. c.p. concentrated lactic acid (sp. gr. 1.20) is 
diluted with water to 5 volumes, and the concentration is checked 
by titration, with phenolphthalein as indicator. 

Approximately 5 N sodium hydroxide. This is conveniently 
kept in a cylinder of the type shown in Fig. 3, D, but with no 
rubber ring about the delivery tip. The number of drops is 
determined in which 0.5 ce. is delivered. 


Procedure 


Placing Sample in Combustion Tube. (a) Samples Weighed on 
Microbalance—It is desirable to deposit the weighed sample in 
the bottom of the combustion tube, 7 (Fig. 1), without scattering 
any of the material on the upper walls where it might escape 
complete combustion. The aluminum scoop shown in Fig. 5 
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has been found convenient both for weighing and for depositing 
the sample in the combustion tube. Scoop and counterpoise are 
balanced within 0.1 mg., the scoop being kept slightly the heavier. 
The scoop and its counterpoise are kept in the balance case be- 
tween weighings. They are then ready at temperature equilibrium 
with the balance, and the sample can be added and weighed with- 
out delay. 1 

The counterpoise is placed on the right-hand pan of the balance, 
and a sample of dried substance sufficient to contain preferably 
between 2.5 and 3.5 mg. of carbon is placed in the scoop, while the 
latter, in the balance case, rests on its cork support as shown in 
Fig. 5. The scoop is lifted onto the left balance pan by means 
of the pincers with jaws lined with chamois skin. The scoop and 
sample are weighed at once. If the material is slightly hygro- 
scopic, one can repeat the weighings at intervals of 1 minute for 3 
minutes and obtain the correct weight by extrapolating back to 
zero time. Material too hygroscopic to be treated in this manner 
must be weighed in one of the customary closed tubes used in 
microanalyses of such material, but we have rarely found them 
necessary. 

To transfer the sample to the combustion tube the latter is taken 
from its jar (Fig. 3, Z) and is held horizontally with one hand 
while, with the chamois-protected pincers, the scoop with the sam- 
ple is inserted into the tube. Tube and scoop are then tilted to a 
vertical position, depositing the sample in the bottom of the tube. 
If portions of the sample adhere to the scoop, the latter is struck 
sideways gently against the tube to dislodge the material. If a 
slight amount remains adherent, it does not matter, as the weigh- 
ing is by difference. 

The emptied scoop is returned to the balance pan, and the 
balance is closed and let stand 3 or more minutes for the scoop to 
regain temperature equilibrium. The empty scoop can be weighed 
at any time after 3 minutes. We prefer, however, to make the 
second weighing within at most 10 minutes, in order to forestall 
the possibility of changes in the zero point of the balance. If the 
second weighing is made within 10 minutes, and the temperature 
of the balance room is reasonably constant, we have found it as a 
rule unnecessary to recheck the zero point of the balance. 

Because of its freedom from static electricity, its light weight, 
and the quickness with which it reaches temperature equilibrium, 
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the light aluminum foil has proved to be an ideal container for 
microweighings. We have on occasions finished a complete com- 
‘bustion, weighings included, within 20 minutes. 

An alternative weighing procedure is to weigh the sample in a 
micro porcelain boat 15 to 17 mm. long, such as is used for micro- 
combustions in furnaces. The boat with the sample is slid gently 
into the slightly inclined combustion tube, which is not turned verti- 
cally until the boat reaches the bottom. A sticky substance or 
non-volatile liquid can be handled in this manner. 

The combustion tube with the sample is at once placed in a 
covered beaker, so that no opportunity is given for laboratory dust 
to fall into the tube. 

(b) Samples from Evaporated Solutions—When submicrocom- 
bustions are carried out, with 0.3 to 0.7 mg. of carbon, the samples 
are usually too small to be weighed with 1/1000 accuracy on avail- 
able microbalances, and must be measured into the combustion 
tubes as aliquots of solution, from which the solvent is then 
removed by evaporation. The concentration is so arranged that a 
sample of proper size will be contained in 1 or 2 cc. of solution. A 
1 or 2 cc. pipette can be made to deliver an aqueous or alcoholic 
solution within 1 part per 1000. A weight burette, however, 
with a stem long enough to reach to the bottom of the combustion 
tube offers the most exact means of measuring the solution. It is 
desirable to use a volume of not more than 2 cc., in order not to 
have the solution run up the sides of the tube further than the 
combustion fluid to be added later. 

To evaporate aqueous solutions in the combustion tubes the 
simplest and safest procedure is to leave the tubes overnight, 
somewhat inclined, in a large evacuated desiccator. The evapora- 
tion proceeds slowly, without danger of spattering, or of decom- 
position of heat-sensitive substances. Aqueous solutions of 
material which is not sensitive to heat can be evaporated by 
immersing the lower ends of the tubes in sulfuric acid in a Pyrex 
beaker which is heated on a steam bath, the top of the beaker 
being covered with a folded filter paper to keep out dust. 

To remove volatile organic solvents, such as alcohol, ether, or 
acetone, the alundum pieces to prevent bumping are added 
(p. 511), and the tubes are placed in a beaker containing a 2 cm. 
layer of sulfuric acid. The top of the beaker is covered with a 
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filter paper and the beaker is heated on a steam bath until all 
visible solvent is evaporated. The warm beaker is removed from 
the bath and placed in a desiccator, which is evacuated three 
times, air filtered free from dust being admitted after each evacua- 
tion. When alcohol is the solvent, add 2 or 3 drops of water to 
the residue before the beaker is placed in the desiccator. 

It is essential that the tubes be not left on the steam bath 
longer than is necessary to drive off the visible organic solvent. 
The dry residue is left in such a thin film that it is peculiarly 
accessible to oxidation by the air. Letting the tube heat for an 
hour after the film has dried may cause loss of 1 or 2 per cent of 
the carbon from a substance like cholesterol, which is ordinarily 
stable in air. 

It is good practice to carry out the combustion within a few 
hours after the solvent has been evaporated. Even at room tem- 
perature some materials, when deposited in a thin film, appear to ox- 
idize on standing, and yield low results when subsequently burned. 

Connecting Combustion Tube with Manometric Chamber—Into 
the tube are dropped several pieces of the cleaned alundum or 
sand to insure smooth boiling, then 200 mg. of KIO, for a micro-, 
or 100 mg. for a submicroanalysis.2 The KIO; may be measured 
by the tube in Fig. 4, A. With a medicine dropper a thick 
ring of syrupy phosphoric acid is then drawn around the upper 
part of the ground glass joint of 7 (Fig. 1), while 7 is in a 
horizontal position. Cup F of connecting tube Q, which has been 
resting as shown in Fig. 3, B in the combustion tube with which 
it was last used, is filled to the 2 cc. mark with fresh combustion 
fluid and the stopper is fitted to the combustion tube containing 
the sample to be burned. The combustion tube is now connected 


2 If a series of submicrocombustions is to be carried out, it may be 
convenient to prepare enough chromic acid solution with predissolved 
KIO; for the day’s analyses. KIO; in the proportion of 50 mg. per cc. of 
the chromic acid solution is added to the latter, and is dissolved by heating 
not higher than 160°. The solution after cooling is transferred to the bot- 
tle in Fig. 3, C. At room temperature the solution is several times super- 
saturated with iodic acid, but the latter will remain dissolved for a day 
before significant amounts crystallize out. 
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with chamber C* as shown in Figs. 1 and 2, chamber C being 
completely filled with mercury. 

Preliminary Ejection of Air—Cock b (Fig. 1) is turned to connect 
C and 7’, and the mercury in C is lowered to the 50 ce. mark. This 
procedure draws about two-thirds of the air from Q and T over 
into C. Cock b is then closed, mercury is readmitted into C, the 
air trapped over the mercury in C is ejected through cup £, and 
cock b is closed again. 

The ejection of the air from the system has two advantages. 
One is that removal of the air diminishes to insignificance the part 
of the blank that is due to atmospheric CO, present in the appa- 
ratus when the combustion is begun. 

A second advantage is that when the CO, formed by combustion 
is transferred from the combustion tube to the alkali solution in 
C (Fig. 1), by running the gases back and forth between C and T 
as described later, the absence of the inert gases of the ejected air 
halves the number of excursions required for the transfer. The 
fewer the interfering molecules of inert gas the quicker the path 
of the CO, molecules to the absorbing solution ; hence speed of CO, 
absorption by the alkali solution varies inversely as the proportion 
of inert gases mixed with the COs. 

Measurement of Alkaline Hydrazine Solution into Manometric 
Chamber—2 cc. of the alkali-hydrazine solution are measured from 
D into C through a mercury seal, as shown in Fig. 1. (The solu- 
tion should be at the same room temperature as the water in the 
jacket of C.) The admission of the alkali is best regulated by 
opening cock b wide and controlling the flow of mercury through 
cock a. The admission is stopped when the mercury in C falls to a 
level about 1 mm. above the 2 ec. mark, as shown in Fig. 1. Then 
D is withdrawn and mercury from E is let into the chamber to fill 
the capillaries of cock b. The displacement of the slight volume of 
solution from the capillary of b into the chamber brings the volume 
of solution in C exactly to the 2 ce. mark. Cup £ is rinsed with 


* For connecting tube Q to the capillary of C we use a thick tube of soft, 
elastic rubber; to fit over 7 mm. glass tubes the bore is 5 to 5.5 mm. and 
the walls are 5 to 6 mm. thick. With this the continual connecting and 
disconnecting are easier than with thin rubber, and the connection is more 
secure. 
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acidified water; this cup is never permitted to stand with its walls 
wet with alkali. 

Combustion—L is lowered, and mercury is drawn out of C and 
the manometer until the mercury in the manometer is about level 
with the 2 cc. mark on C. Cock a is then closed, and cock b is 
turned to connect chamber C with the combustion tube. The 
leveling bulb is then placed, as shown in Figs. 1 and 2, at such a 
height that the mercury surface in it is about level with the 50 ce. 
mark on C and remains at this level until the combustion is 
finished. A measured volume of combustion fluid is now run 
from F into 7; for microcombustions, with 2 to 3.5 mg. of carbon, 
2 cc. of the fluid are used, while for the submicroanalyses, with 
0.3 to 0.7 mg. of carbon, only 1.5 cc. are taken. The micro flame 
is now brought under the combustion tube, and the arrangement is 
as shown in Fig. 2. 

Fine bubbles of CO, gas begin to rise in the combustion fluid 
as soon as the latter is warmed. A minute or two is taken to warm 
the fluid to boiling. Preferably the CO, evolution should not be 
so rapid that it makes at any time a foam collar more than 2 em. 
high on the fluid; although even if it should fill the greater part 
of the tube the analysis is not necessarily lost. After the initial 
CO, evolution the fluid is heated rapidly to boiling. 

As CO: and O, are evolved, the mercury falls in C (Fig. 1) and 
rises in the manometer. Cock a is slightly opened every few 
seconds at this stage to admit mercury from L into C and keep the 
gas space in C at about 1 cc. Within about a minute from the 
beginning of heating enough gas has been evolved to press the 
mercury in the manometer up to its top, and to permit complete 
opening of cock a without causing backflow of alkali solution from 
C to T. Cock a is now left fully open during the rest of the com- 
bustion, and the boiling proceeds quietly at about 150 mm. less 
than atmospheric pressure. Vigorous boiling at about 600 mm. 
pressure is continued, with foam filling one-third to one-half of the 
tube, for 1.5 minutes to complete the combustion. Of the 
substances analyzed we have not found any which required more 
than 1 minute’s vigorous boiling for complete combustion. Even 
the fatty acids, usually among the more resistant substances in 
combustion, were burned completely in 1 minute, after the pressure 
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had reached 600 mm. With many substances combustion is 
complete as soon as this point is reached. 

Making the boiling vigorous is emphasized because it has been 
found essential with palmitic and stearic acids. With most 
substances gentle boiling suffices. The higher fatty acids, how- 
ever, as the combustion fluid is warmed, melt and form a film on 
the surface. It is perhaps because of this behavior that vigorous 
boiling is essential with them. Gentle boiling (with a foam collar 
under 5 mm. high) may yield results 0.5 to 1 per cent too low with 
palmitic and stearic acids. 

It is unnecessary and undesirable to continue the boiling longer 
than 1.5 minutes. By the end of this time the chromic acid has 
evolved practically all of its labile oxygen, and the iodic acid 
begins to decompose and give off iodine and oxygen. If heating 
were continued until all the iodic acid had been decomposed, the 
volume of additional O, evolved would retard appreciably the 
absorption of CO, next described, so that 25 instead of 20 excur- 
sions of the mercury in C (Fig. 1) might be required for complete 
absorption. If the period of boiling at 600 mm. pressure is kept 
under 2 minutes, so little iodic acid is decomposed that the iodine 
vapors are barely visible in the combustion tube. 

In case any particles of the sample have been dropped on the 
upper parts of the combustion tube, or in case the foaming during 
the initial CO, evolution has been so rapid that the foam reached 
above the half-way mark of the tube, it is a desirable precaution, 
after boiling at 600 mm. has been established, to shake the com- 
bustion tube so that the oxidizing liquid will reach any unburned 
material in the upper part of the tube. Or the flame may be 
increased for a few seconds so that the boiling fluid reaches the 
upper part of the tube. 


The volume of O; evolved from the reagents can be roughly estimated 
as follows: After the CO, has been absorbed, but while the combustion 
tube is still connected and the flame is still under the combustion tube, 
one sets the mercury meniscus in the chamber at the 50 cc. mark, closes 
cock a (Fig. 1) for a moment, and notes the height of the mercury in the 
manometer. If it does not lie more than 350 mm. above the mercury 
surface in C, the amount of O, present is not enough to prevent complete 
absorption of the CO, by 20 excursions of the mercury (see the next para- 
graph). If by unduly long boiling of the reagents, or leakage of air into 
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the apparatus, the non-CO, gases exert a pressure greater than 350 mm., 
it is well to use a few more excursions to make certain of 100 per cent ab- 


sorption. 


Absorption of CO, by Alkali in Gas Chamber—After the com- 
bustion is completed, the flame is left under the tube exactly as 
during the combustion, while the mercury in C (Fig. 1) is lowered 
and raised 20 times to cause complete transfer of CO: to the alkali 
solution in C. The 20 excursions should take about 3 minutes. 
At each lowering of the leveling bulb the mercury in C is dropped 
to about the 50 ec. mark, and the fluid in T boils vigorously. The 
tube should then fill with foam. At each raising the bulb is 
lifted till the gas space in C is compressed to about 5 cc. After 
5, 10, 15, and 20 excursions of the mercury in this manner, the 
respective percentages of the CO: transferred to the alkali solution 
in C have been found to be 91, 98.3, 99.7, and 100 respectively. 


When many combustions are carried out, it will be found convenient to 
avoid the labor of the many raisings of the mercury bulb by alternately 
applying and releasing suction at the top of the bulb, without moving the 
bulb from its usual level shown in Fig. 2. A good water aspirator will 
raise and lower the mercury at about the same rate as lifting the bulb by 
hand. A simple device for releasing the suction is shown in Fig. 4, B. 
With the pump connected directly, without an intermediate safety flask, 
suction is obtained by merely closing the open tube by pressure of any 
flat rubber surface, and is released by removing the closure. Or a 3-way 
cock may be substituted; this is desirable if the suction tube is connected 
to an evacuated reservoir, in which it is preferable not to release the vac- 
uum when the latter is released in the leveling bulb. When the suction 
method is used, it is desirable to have a mercury bulb of not over 100 ce. 
capacity, and to have sufficient mercury in the system so that the bulb will 
be nearly filled when all the mercury is withdrawn from C (Fig. 1). If 
there is a large gas space in L, it is more difficult to control the excursions 
of the mercury in C. 


After absorption is completed, the flame is removed from the 
combustion tube, cock b (Fig. 1) is closed, and tube Q is discon- 
nected from the chamber. The hot combustion tube is taken 
with tongs or a strong metal test-tube holder, and stood in a flask 
as shown in Fig. 3, B. 

Ejection of Unabsorbed Gases—Before O, and Nz are ejected, the 
curved inlet capillary above cock 6 is filled with mercury drawn in 
from a small bottle as shown in Fig. 3, A. About as much mer- 
cury is left in this capillary above the cock as is shown in Fig. 1. 
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Then, with cock b closed, the gases in C are put under positive 
pressure by raising leveling bulb L a little above cock 6. With the 
bulb at this level, cock a is closed and b opened to connect chamber 
C with cup E above it. Mercury is then admitted from Z into 
chamber C until the rising alkali solution, driving the gases out 
through FE, just reaches the bottom of cock b. In succession 
one then closes cocks a and b. The leveling bulb is lowered to the 
position shown in Figs. | and 2, and a little mercury is admitted 
from cup £ into the chamber to seal the connecting capillary. A 
small bubble of air, trapped in the capillary, is thus readmitted 
into C, but it has no influence on the CO, determination, since 
it is CO+--free. 

Extraction of CO, and Reading of p,—Exactly 1 ce. of 2 N lactic 
acid is measured into chamber C from an accurate stop-cock 
pipette provided with a rubber-ringed tip. The admission is 
made through a mercury seal in the same manner shown in Fig. 1 
for admission of alkali. Mercury to fill the connecting capillary 
between E and C is admitted after the acid. 

The mercury in the chamber is then lowered to the 50 cc. mark, 
cock a leading to the leveling bulb is closed, and the chamber is 
shaken 20 or 30 seconds, extracting most of the CO, from the 
solution. The CO, that has entered the gas phase increases the 
pressure there enough to force the mercury down below the 50 cc. 
mark. To correct this displacement, enough mercury is admitted 
from the leveling bulb to bring the top of the mercury meniscus 
in the chamber exactly to the 50 cc. mark. The chamber is then 
shaken for 1.5 minutes to complete extraction of CO, from the 
solution. 

Mercury is now admitted from the leveling bulb until the volume 
of the gas phase in the chamber is reduced, to 10 ce. for the micro- 
combustions with 2 to 3.5 mg. of carbon, or to 2 cc. for the sub- 
microcombustions with a fifth as much carbon. In admitting 
the mercury the precautions described by Van Slyke and Neill 
((12) p. 533) or by Peters and Van Slyke ((8) p. 277) are 
observed, to prevent undue reabsorption of COs The chief 
precautions are to complete the admission of the mereury within a 
space of 30 or 40 seconds, and to avoid setting the mercury in the 
chamber and manometer to oscillating by jerky opening or closing 
of cock a. If these precautions are followed, the reabsorption 
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of CO, that occurs during the admission of the mercury is so 
constant (estimated as 0.7 per cent when the gas is compressed to 
10 cc., 1.6 when it is compressed to 2 cc.) that variations in re- 
absorption affect results by not more than 1 part per 300 when the 
gas is brought to 2 cc., or 1 part in 1000 when it is brought to 10 ee. 
As the meniscus of the solution in the chamber approaches the 
2 or 10 cc. mark it is desirable to watch it with a hand lens, in 
order to stop it exactly on the line. 

The reading, 7, is then taken on the manometer. If it is desired 
to check this reading, the mercury in the chamber is lowered again 
to the 50 cc. mark, shaken for a minute, and the gas is returned 
to 2 or 10 cc. volume for repetition of the p; reading. With prac- 
tice it will be found that the duplicate readings check so closely 
that the repetition is unnecessary. 

Reabsorption of CO, and Reading of py.—After the p; reading has 
been taken, the cock leading to the leveling bulb is opened, while 
the bulb is left at the level shown in Figs. 1 and 2, so that the gas 
in the chamber is under slight negative pressure. Into cup E£ 
one measures 0.5 cc. of the 5 N sodium hydroxide solution; the 
measurement is most conveniently made by counting the drops. 
The alkali is then admitted into the chamber, with care not to 
admit any air into either the chamber or the capillary above cock 
b. In the submicrocombustions, with less than 2 ec. of CO, 
present, absorption of all the CO, occurs about as rapidly as the 
alkali can be run in. When the larger amounts of CO, measured 
at 10 cc. volume are present, however, it takes a little longer to 
complete the absorption, and one admits the alkali over a period 
of a half minute or more. When all the alkali except enough to 
fill the capillary below the cup is in the chamber, one pours 2 or 3 
ec. of acidified water into the cup, followed by about 0.5 ce. of 
mercury. The mercury is then run into the chamber, dislodging 
any of the alkali solution which may have stuck in the part of the 
chamber under cock b. 

Sometimes the somewhat viscous 5 N alkali solution flows in a 
solid column into the 4 mm. tube at the top of the chamber, 
instead of streaming down the walls and absorbing the CO,. In 
this case one follows the alkali with about 1 ce. of mercury, which 
is admitted in several fine jets. These dislodge the alkali and 
cause quick absorption of the CO». 








mp ese -,lhUlUCr.hCU 














D. D. Van Slyke and J. Folch 527 


To mix the solutions in the chamber, and to insure absorption 
of the last traces of CO2, one now lowers and raises the mercury in 
the chamber three times, each lowering bringing the surface of the 
solution in the chamber, not to its bottom, but only to a point a 
little below the 10 cc. mark, and each raising bringing the pressure 
up to about atmospheric. 

The solution meniscus in the chamber is then brought to a point 
a little below the 2 or 10 cc. mark at which p; was read, and is let 
stand there for 1 minute while the solution drains down from the 
walls above the mark. During this minute one can read the 
temperature in the water jacket of the chamber and look up the 
corresponding carbon factor. Then the meniscus is raised exactly 
to the 2 or 10 cc. mark and reading pez is made on the manometer. 
The pressure, Peo,, of CO2 from the combustion is calculated as 
Poo, = Pi — P2 — ¢, where c is the value of p; — p2 obtained in a 
blank analysis. 

Washing Chamber after Analysis—To clean the chamber for the 
next analysis the used alkaline lactate solution is ejected and the 
chamber is washed once with dilute acid and once with water. A 
rapid and convenient technique is the following. The mercury 
leveling bulb is lowered about 80 cm. below chamber C (Fig. 1) 
so that the mercury will all drain out of the chamber. While it is 
draining, a few drops of the 2 N lactic acid are placed in the cup at 
the top of the chamber, together with enough water to fill the cup. 
The acidified water (but no air) is now let into the evacuated 
chamber. The leveling bulb is then raised and the solution ex- 
pelled from the chamber. The washing is then repeated in the 
same manner, except that only distilled water is used. After the 
water is ejected, the mercury is lowered once more to the bottom 
of the chamber, and is allowed to rise rather slowly, so that the 
film of water adherent on the sides of the chamber is detached and 
floats up on the mercury. The drop of water thus collected, to- 
gether with about 1 cc. of mercury, is run up into the cup, and the 
apparatus is ready for the next combustion. ° 

Alternative Rapid Analysis without Reabsorption of CO,—This 
procedure is slightly less exact, but saves 3 or 4 minutes on each 
analysis, and serves well when series of analyses are required, as 
in routine blood fat determinations, in which an increase of a mm. 
in the error of Pogo, is not important. 
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The analysis is carried out, as described above, until the p, 
reading has been taken, and this reading finishes the analysis, 
Poo, is calculated as Poo, = pi — Po, Where po is the p; reading 
obtained in a blank analysis at the same temperature. If the 
blank analysis is performed within 3° of the same temperature as 
the unknown, the blank reading can be corrected to apply to the 
unknown by calculating po as (p; of the blank) + (rise in py,o), 
where the “rise in py,o” is the increase in vapor tension of water 
caused by the temperature change from the temperature of the 
blank analysis to the temperature of the substance analysis; 
e.g., if the blank is run at 20°, where the vapor tension of water is 
17.4 mm., and the carbon analysis is run at 22°, where the vapor 
tension is 19.6 mm., the po used is the p, of the blank plus 2.2 mm. 
If the temperatures were reversed, the blank being at 22° and the 
unknown at 20°, the po used would be the p; of the blank minus 
2.2 mm., the “rise in pq,o” being negative. For convenience in 
correcting po values for temperature changes the vapor tensions 
of water are given in the last column of Table I. 

Between analyses performed without reabsorption of CO, it is 
necessary to wash chamber C (Fig. 1) only once, with water, since 
the amount of CO, in the film of acid solution left after the reagents 
have been ejected from the chamber is slight. 


Calculation of Results of Micro- and Submicroanalyses 


The mg. of carbon in the sample are calculated by the factors 
of Table I, corrected if necessary by a factor obtained from control 
analyses of a standard pure substance, as described later. 


Mg. carbon = Poco, X factor 


Derivation of Factors for Micro and Submicro Carbon Calculation 


In Equation 3 of Van Slyke and Sendroy (14) the formula is given for 
calculating mm of CO, from the pressure exerted by the gas in the mano- 
metric determination. Multiplying this formula by 12.01, the atomic 
weight of carbon, gives as the formula for the factor, by which Poo, is 
multiplied to give mg. of carbon, 


(1) Factor = ose (1 + en «’) 





1 + 0.00384/ A oe 


The symbols have the following significances: a is the volume of the CO; 
gas when its pressure is measured; i is an empirical correction for a small 
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TABLE I 
Factors for Carbon Calculation 

Factors 

| 

| Submi ' a i , Vv : 

Temperature | analysis | a rrr” —— 

| 3 = 3.00 S = 3.00 S = 4.00 

| i = 1.016 i = 1.007 i = 1.000 
°C. | mm 
10 | 0.001474 | 0.007303 0.03320 9.1 
ll | 66 265 304 9.8 
12 | 58 228 289 ' 
13 51 192 274 11.1 
14 | 44 157 269 11.9 
15 | 37 122 244 12.7 
16 30 | 088 | 229 13.5 
17 | 24 054 215 14.4 
18 | 17 020 | sa | ms 
19 10 0.006987 187 16.3 
20 03 954 | 173 17.4 
21 | 0.001397 922 159 18.5 
22 90 890 145 19.6 
23 | 84 859 132 20.9 
24 | 78 828 | 119 22.2 
5 72 . 78 | 106 | 23.5 
26 66 769 | 093 | 25.0 
27 60 740 080 | 26.5 
28 54 711 067 | 28.1 
29 | 49 683 | 055 | 29.7 
30 43 655 | 043 | 31.5 
31 37 | 628 031 33.4 
32 ee ee 
33 27 575 007 37.4 
34 21 549 0.02996 39.5 
35 6 «| 523i 95 | 41.8 








When determining total plasma lipids by combustion, following Van 
Slyke, Page, and Kirk (13), one may multiply the carbon factors by 1.266 
in order to obtain factors for calculation of mg. of total lipids directly from 
Poo. 

When cholesterol is determined by combustion of the digitonide, 
CxrHwO-CssHoO2s, one may multiply the factors of Table I by 0.3926, in 
order to obtain a table of factors for calculating mg. of cholesterol from 
Poo. 

529 














530 Manometric Carbon Determination 


amount of CO, reabsorbed when the gas volume is diminished from A — § 
to a cc.; t is temperature; S is the volume of acidified solution from which 
the CO, is extracted; A is the total volume of the extraction chamber meag- 
ured at the bottom mark (A = 50 cc. in Fig. 1); a’ is the distribution coeffi- 
cient of CO, between the gas phase and the liquid phase in the chamber 
(a’ = CO, per ce. of liquid + CO, per cc. of gas). 

In the analyses described above, a has the value 2 cc. for the submicro-, 
10 for the microanalysis. The factor i has been determined by combustion 
analysis of pure crystalline glucose, as Van Slyke and Sendroy determined 
it by analysis of Na,CO;. The value of 7 from glucose combustion has been 
found to be 1.016 when a is 2 cc., agreeing closely with the value 1.017 found 
by Van Slyke and Sendroy (14) in analysis of standard carbonate. When 
a is 10 ecc., and the gas is compressed only to this volume for pressure 
measurement, reabsorption is less, and the i value has been found to be 
1.007, indicating only 0.7 per cent reabsorption. The value of A in the 
present analyses is 50.00 cc., and of S is 3.00 cc.; the ratio S/(A — S) is 
0.638. 

The value of a’ in the acidified lactate solution has been determined 
at temperatures from 17-32° by the gas solubility method of Van Slyke 
(11). The solubility of CO, in the lactate solution was found at 17° to 
be 78.4 per cent of the solubility in water; at 25°, 79.9 per cent; and at 32°, 
81.3 per cent. Over this temperature range the value of a’ for the lactate 
may accordingly be calculated from the a’ of water by the formula 


(2) ct’ inctate = @' HO (0.752 + 0.00192) 


With the above values for the constants, the factors for carbon are 
calculated by the following formulae. 

For the submicroanalysis, with a = 2 and i = 1.017, we have 

0.0014425 

yl (| q 0.752 + 0.00192] a’ 
i + 0.003841 | + 0.0638 [ + ] aH) 
where the a’q,0 values are those given in Table I of Van Slyke and Neill 
(12), and in Table 27 of Peters and Van Slyke (8), as calculated from Bohr 


and Bock’s original data. 
Similarly, for the microanalysis, with a = 10 and i = 1.007 we have 


0.007149 
(4) Factor (e=10) = Ts cae 





(3) Factor «<2 = 


(1 + 0.0638 [0.752 + 0.0019¢] «’H,0) 


Correction of Factors by Combustion of Pure Substance 


In the theoretically calculated factors, several constants are 
involved which may vary significantly with different sets of ap- 
paratus. The volumes, a and A, of the chamber are such con- 
stants. The correction of the thermometer in the water jacket 
of the chamber is another. When a microbalance is used to weigh 
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the samples, the accuracy, in absolute units, of the rider on the 
balance is another determining constant, and one which cannot be 
checked within 1 part per 2000 unless a correspondingly exact 
standard 10 mg. weight is available. Each of these constants can 
be measured by itself, but, particularly when the rider correction 
for a microbalance is included, the simplest method of correcting 
for deviations in all of these constants is to perform a series of 
careful analyses on an easily analyzed substance of high purity, 
and include all the corrections in one factor which is calculated 
from the mean result. Calling this factor b, one calculates it as 


b carbon present 
carbon calculated from Poo, by factor in Table I 





(5) 


Both micro- and submicrocombustions with known samples are 
performed, and a 6 value is determined for each of the two types 
of combustion. Then an individual table of carbon factors for 
the apparatus used is prepared by multiplying by these values 
of b the factors for the micro- and submicroanalyses, respectively, 
in Table I. 

An example of a determination of the b factor is given 
in Table II. 

With any apparatus in which the 2 and 10 cc. marks are as 
accurate as in most chambers furnished by the better manufac- 
turers, the factors in Table I can be used unchanged for many 
routine purposes. For combustions of assured accuracy, however, 
it is desirable to control all constants together by determining the 
b value and with it preparing one’s own table of factors by cor- 
rection of those in Table I. 

The most convenient way to use the factors is to plot them 
against temperature on a sufficiently large scale to permit reading 
with an accuracy of 1 part in 3000. 

Analyses at Low Room Temperatures—The analyses by which 
the method has been controlled have all been made at tempera- 
tures above 18°, and most of them at 22° or higher. At lower 
temperatures it is possible that both the absorption of CO, by 
alkali in C (Fig. 1) after the combustion, and the subsequent 
extraction of the CO, after acidification, may take more time than 
has been allotted in the above descriptions. It may be well, 
therefore, for analyses made below 18°, to increase the number of 
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excursions of the mercury for absorption of CO, by alkali in C 
from the prescribed 20 to 25, and to prolong the extraction 
period from 1.5 minutes to 2 minutes, or to 2.5 for temperatures 
below 15°. The factors for temperatures between 10-17° are cal- 
culated from extrapolated values of a’, and may be in slight error 
from the extrapolation, but the error probably does not exceed 
1 per 1000. 

Economy of Time during Analysis—When one is analyzing 
samples of organic substances weighed on a microbalance, one can 
utilize the extraction period for the weighing of the aluminum 
scoop with the sample for the next combustion. If the weighing 
takes more than 1.5 minutes, it does not matter, as the shaking 
out of the CO, in the gas chamber may be prolonged without 
affecting the results. After the weighing the sample is deposited 
in a combustion tube for the next analysis, and the scoop is re- 
turned to the balance pan, where it reaches temperature equilib- 
rium while the current analysis is being finished. The weighing 
of the empty scoop is then carried out. 

When one is analyzing material in a series of tubes with residues 
from solutions (e.g., plasma lipids), one can use each boiling period 
for calculation of results of the preceding analysis, and utilize 
the extraction period for preparation of the combustion tube for 
the next analysis. 

Care of Apparatus When Not in Use—When a day’s combustions 
are finished, cup F (Fig. 1) is washed out with syrupy phosphoric 
acid, and the cock is removed, lubricated freely with the phos- 
phoric acid, and replaced. If this is not done, iodic or chromic 
acid may crystallize about the cock with time and absorption of 
moisture, and freeze the cock. If the cock does freeze from neglect 
of the precaution, it can usually be loosened by hot water and 
manipulation; but treating it with H;PO, at the end of the day 
will entirely prevent the trouble. The connecting tube Q is left 
inserted in the combustion tube last used, which is stood in a 
weighted Erlenmeyer flask as shown in Fig. 3, B. A cover is 
placed over the flask and tube to keep away dust.‘ 


‘A convenient cover is the light, transparent Cello-Metal shield rec- 
tangular form, made of cellophane and aluminum, provided by the Fisher 
Scientific Company of Pittsburgh. The size used is with base 8 X M4 
inches and height of wall 12 inches. 
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The combustion tubes used in a series of analyses are collected 
in a beaker, which is kept covered with an inverted Petri dish to 
prevent access of dust. When the series is completed, the tubes 
are rinsed out three times with clear tap water and three times 
with distilled water. They are then placed in a covered vessel 
where they can drain and dry. As such a vessel we have found a 
1 quart fruit jar arranged as shown in Fig. 3, E to be satisfactory. 
Tubes placed in it are dry for use again within an hour or two, and 
they are so completely protected from dust that they may be left 
for months without increasing the values they yield in blank 
analyses. The tubes are never left open in the circulating air of the 
laboratory, except for the moments when they are receiving samples 
for analysis. 

If there is any reason to suspect that a combustion tube has 
become contaminated with dust or organic matter, it is laid aside, 
and is not used again until it has been cleaned by heating it in 
chromic acid cleaning mixture to 120-140°, then rinsed in distilled 
water, and dried as in Fig. 3, E. 

Before new combustion tubes are used they are always cleaned in 
this way. Merely soaking in cold chromic-sulfuric acid mixture 
may not suffice. 

If the connecting tube Q (Fig. 1) should become contaminated, 
it is cleaned by removing the stopper and laying tube and stopper 
in a large evaporating dish with hot chromic-sulfuric acid. Tube 
and stopper are then washed and dried in an oven or desiccator. 

If at any time alkali from the chamber gets into the connecting 
tube (Q, Fig. 1), the analysis is discarded; the tube is rinsed out 
with dilute hydrochloric acid, and is dried before being used again. 


EXPERIMENTAL. MICRO- AND SUBMICROCOMBUSTIONS 


Determination of Correction Factor of Apparatus for Micro- 
combustions—Several analyses of Bureau of Standards anhydrous 
glucose were performed to determine the 6 correction factor of the 
apparatus. The weighings were made on a microbalance the 
rider of which had been checked against a standard 10 mg. weight 
which was believed to be exact to within 2 y.5 The 6 correction 
factor calculated from the mean of the glucose analyses is 1.0007 


* For the loan of this standard weight we are indebted to Dr. Theodore 
Shedlovsky, who had calibrated it. 
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for the apparatus used. The difference from unity is hardly sig- 
nificant, but we have multiplied the micro carbon factors of Table 
I by 1.0007 for use in the analyses of Table III with this ap- 
paratus. 

Microcombustions of Various Types of Substances—In Table III 
are given results with a number of substances, aromatic, aliphatic, 
containing nitrogen in various forms, chlorine, and sulfur. For 
the methionine and cystine we are indebted to Dr. Vincent du 


TABLE II 

Microanalysis of Crystalline Glucose, with Determination of Correction 
Factor of Apparatus Used 

Calibration of chamber marks, a = 10.008 ec., A = 49.95 cc. Theoretical 

carbon content of glucose, 40.00 per cent. 


Carbon content of 
Carbon factor (sample calculated 














Glucose sam ple PCO: Temperature from Table I, by uncorrected 
uncorrected eatin 100 ce 
6 ¢c d e b 

mg. mm. . per cent 
6.011 349.8 23.0 0.006859 39.91 
6.954 405 .2 23.4 847 39.89 
7.928 463.0 24.0 828 39.88 
7.828 456.0 23.0 858 39.95 
7.402 432.8 23.5 S44 40.02 
6.894 403.8 23.9 831 40.01 
8.229 484.2 24.9 801 39.92 
8.132 478.3 24.5 813 40.07 
7.818 462.1 25.6 787 40.11 
Mean , 39.97 


Correction factor found = 40.00/39.97 = 1.0007. 


Vigneaud. The lysine picrate was prepared from gelatin and 
recrystallized three times. The arginine monochloride was also 
from gelatin, the arginine being precipitated as flavianate, then 
recrystallized by Dr. Robert Dillon as the monobenzoy! compound, 
and finally converted into the monochloride and crystallized 
from alcohol. The cholesterol was a commercial preparation 
which had been recrystallized. The palmitic acid had been re- 
crystallized three times from alcohol. The stearic acid, trypto- 
phane, and tyrosine were Eastman Kodak preparations. The 
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TaBLe III 
Microcombustions 
Dura- | 
oe PCO: Tem- | 
Substance Sample! at | , at pera- | Factor* 
| about | 10.008 ture | Theo- 
| Found retical 
mm. 
5. Foe nme a 
mg. min. mm. °C mg =, dont 
Lysine monopicrate 7.461 1 | 420.7| 24.8 0.006808 |2.864/38.38) 38.40 
6.378, 2 | 358.8) 24.5 818 |2.446|38.35 
7.833} 3 | 440.7) 24.5 818 |3.005/38.36 
“ — dihydro- 8.464, 2 | 407.7| 23.4 | 852 |2.793/32.98) 32.88 
chloride 8.015, 3 | 388.0) 23.8 840 |2.654/33.11 
8.161) 3 | 391.8) 24.1 830 |2.676|32.79 
Arginine mono- 7.084 0 | 356.9) 24.0 833 |2.439/34.43) 34.21 
chloride 5.993) 1 | 302.8) 24.5 | 818 |2.064/34.45 
7.186 2 | 363.3) 25.0. 803 |2.472)/34.39 
Cystine 7.341) 2 | 324.7) 25.4) 791 |2.205)/30.04) 29.99 
6.881} 3 | 303.2) 25.6 | 785 |2.057/29.90 
8.417| 3 369.6) 24.1 830 |2.524/29.99 
Methionine 9.171 2 | 549.2) 26.1 771 |3.717|40.54| 40.25 
7.951, 3 | 470.1) 23.8 839 |3.215/40.44 
7.191 3 | 425.4) 24.0. 833 |2.906/40.42 
Tryptophane 5.194, 1 497.8) 27.5 — 730 |3.340/64.52) 64.69 
5.458 2 | 523.8) 27.9 | 719 |3.520/64.48 
Tyrosine 3.901 0 | 346.3) 28.1 | 713 |2.325|59.59) 59.66 
4.612) 1 | 409.5) 28.5 | 702 |2.744)59.51 
(4.748 2 | 412.6) 23.2) 858 |2.830/59.60 
Cholesterol 3.539, 1 | 435.0) 24.0 | 832 |2.972|/83.98) 83.87 
3.236 1 | 397.7) 24.3 824 |2.714|83.87 
3.474, 2 | 425.4) 23.1 | 861 |2.919)84 
3.663, 2 | 456.1) 27.2 | 739 |3.074|83.91 
3.370 3 | 412.8) 23.4 852 |2.829]83.93 
3.769 3 | 467.0) 25.3 794 |3. 173/83. 99 
Stearic acid 4.131, 1 | 466.8) 27.7. 724 |3.139]75.98) 76.00 
4.461 1 | 503.2) 27.8 | 721 |3.382/75.80 
4.132 2 | 464.0) 26.6 756 |3.134/75.86 
3.975, 2 | 447.9) 26.6 756 |3.026/76. 13 
4.218 3 | 473.8) 26.7 | 754 |3.200/75.87 
Palmitic ‘“ 4.340 1 | 474.2) 23.3 855 |3.251/74.90) 74.94 
3.995 2 | 438.5) 24.0 833 |2.996/75.00 
Benzoic “ 4.269 2 | 430.3) 22.9 | 867 |2.954/69.22) 68.85 
4.921 3 | 494.7| 23.6 | 845 |3.386/68.81 
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TaBLe III—Concluded 
































Dare | | Carbon 
: boiling| 7CO:| Tem. | 
Substance Sample; at at pera- | Factor* 
about | — ture Theo- 
= . Found retical 
mg. min mm *C. mg. bad p aA 
Silver acetate 19.050; 1 | 401.8) 24.9 0.006806 |2.733)14.35) 14.37 
18.703} 2 | 393.6) 23.9 836 |2.691|14.39 
18.227} 3 | 384.6) 24.2 827 |2.624)14. 40| 
Pentaacety] glu- 4.983, 1 | 359.3) 24.1 830 2. 454/49. 25} 49.23 
cose, CisH201 4.834) 2 | 351.4) 24.6 813 |2. 394) 49.53 
4.885, 3 | 354. 3 25.0 803 5 409/49. 33) 
Nitrobenzylhepta- | 4.402) 1 | 330. 6 24.0 833 ape og 33, 51.34 
acetyl gentiobio- | 5.531) 2 | 416.0) 23.8 840 |2.845/51.44) 
side, CsHauOnN | | | | 





For some of the analyses in this table we are indebted to Dr. R. M. 


Archibald. 
* The factors are those of Table I multiplied by 1.0007 (see Table IT). 


silver acetate was checked by Dr. Alma Hiller by sulfocyanate 
titration of its silver, which was found to be 64.67 per cent, cal- 
culated 64.64. For the pentaacetyl glucose and nitrobenzyl- 
heptaacetyl gentiobioside we are indebted to Dr. Walther Goebel. 
The gentiobioside had been six times recrystallized. All the 
samples were weighed on a microbalance with the aluminum scoop 
and counterweight in the manner previously described. It will 
be noted that 2 minutes boiling was required for complete com- 
bustion of the cholesterol, whereas the other materials that were 
tried with shorter periods were burned in 1 minute, measured from 
the time the pressure reached 600 mm. The recorded durations 
of boiling do not include all the time that the material was heated 
with the combustion fluid; about 1 minute is required to start 
the boiling, and during this time the temperature is rising from 
room temperature to boiling. During this period of about a min- 
ute the greater part of the combustion occurs; in fact it is probably 
complete by the time boiling at 600 mm. starts with the less re- 
sistant materials, such as glucose and most amino acids. The 
chromic acid is nearly all decomposed by the heat, by the time the 
first measured minute of boiling at about 600 mm. is over, and any 
residues burned later are presumably oxidized by the iodic acid, 
which is more resistant to heat decomposition. 


On page 536, Vol. 136, No. 2, November, 1940, line 7 of text, omit the 
sentence beginning Ii will be noted... . 
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Submicrocombustions—Examples of the results with these are 
given in Table IV. 


























TasB.e IV 
Submicrocombustions 
| 
Poo, at | Tem | Gm 
Substance Sample 2.008 ce. | ae Factor* T ag 
Found | retical 
mg. mm. . A mg. per cent | per cent 
Glucose 1.425 418.6 | 26.0 (0.001370 0.5735) 40.24 | 40.00 
1.425 415.7 | 26.0 70 5695) 39.97 
1.425 412.2 | 25.3 74 5664) 39.75 
1.425 414.0 | 25.9 71 5676} 39.83 
1.425 418.1 26.1 69 5724| 40.17 
1.425 415.3 | 26.2 69 5685) 39.90 
Alanine 1.4134 | 419.2 | 25.3 74 | 0.5760) 40.71 | 40.42 
1.4134 | 417.4 | 25.7 72 5726} 40.48 
1.4134 | 416.3 | 25.9 71 5708] 40.34 
1.4134 | 407.4 | 21.8 93 5675) 40.12 
Cholesterol 0.5848 | 358.3 | 25.6 72 | 0.4916) 84.06 | 83.87 
0.5848 | 358.9 | 26.1 69 4913} 84.02 
0.5848 | 358.3 | 26.2 69 4905) 83.87 
0.5848 | 357.9 | 26.2 69 4900) 83.77 
0.5848 | 358.6 | 26.5 67 4902) 83.82 














* The factors are those of Table I multiplied by the correction factor 
1,003, which is obtained both from the a value of 2.006 and from the mean 
of the glucose analyses. The glucose and alanine samples were aliquots of 1 
ec. each of water solutions delivered from a calibrated pipette, from which 
the deliveries of aqueous solutions were usually exact within 0.002 cc. The 
cholesterol was dissolved in absolute alcohol. The samples of 1 cc. were 
measured in a pipette calibrated “‘to contain.’’ After delivery the pipette 
was rinsed with alcohol, the rinsings being run into the combustion tube 
with the sample. The alcohol was removed as described on p. 519. The 
time of boiling was 1 to 2 minutes. 


MACROCOMBUSTION 


In this analysis the CO, pressure is measured when the mercury 
level in the chamber is at the 50 cc. mark. Since the volume of 
solution over the mercury is 4 cc., the pressure is measured with the 
gas at 46 cc. volume. The analysis is always carried out as in the 
“Alternative rapid analysis without reabsorption of CO,” de- 
scribed for the microanalysis on p. 527. The large amounts of 
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CO, can be measured with accuracy without the added step of 
reabsorption, and the latter is rather undesirable because the 
amount of heat generated by neutralization of the amount of 
lactic acid present would raise the temperature of the chamber 
measurably with each analysis. Because reabsorption is omitted, 
the analysis is rapid; five can be carried out in the course of an 
hour. 


Apparatus 

The apparatus is the same used for the microcombustion, ex- 
cept that the combustion tube is of 25 cc. instead of 15 ec. capacity, 
and the cup F (Fig. 1) is of 5 instead of 2 cc. capacity. 

Reagents 

Chromic combustion fluid. This is made the same as for the 
microcombustion, except that instead of 25 gm. of CrOs in 500 ce. 
of the fluid 30 gm. are used. 

Alkaline hydrazine solution for absorbing CO,. Per 100 ce. 
of solution to be made, one weighs 6 gm. of hydrazine sulfate into 
a volumetric flask, and fills the flask to the mark with CO,-free 
3.00 n NaOH of minimal CO, content. The details of preparing 
and handling the solution are the same as for the alkaline hydra- 
zine solution used for the microanalysis. 

Approximately 5 N lactic acid. Concentrated lactic acid of 
specific gravity 1.20 is diluted to 2 volumes with water, and ad- 
justed to 5 N concentration after a preliminary titration of a 50- 
fold diluted aliquot against 0.1 N NaOH, with phenolphthalein 
indicator. 


Procedure 


The preparation of the sample and the combustion tube are the 
same as described for microcombustions, except for the larger size 
of the samples, which should contain 8 to 15 mg. of carbon. 
Of KIO; 300 instead of 200 mg. are added. In cup F (Fig. 1) 
one places enough combustion fluid to permit delivery of 5 ce. for 
the combustion. 

The preliminary ejection of air is carried through three successive 
times, so that nearly all the air in the system is removed. 

The measurement of 2 cc. of alkaline hydrazine solution into the 
chamber is carried out as in the microanalyses. 
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The combustion, absorption of COz by alkali in the gas chamber, 
and ejection of unabsorbed gases are likewise carried out as de- 
scribed for microanalyses, except that 5 cc. of combustion fluid are 
used, and the boiling after the pressure reaches 600 mm. is routinely 
continued for 3 minutes, instead of 1.5 minutes. The amount of 
carbon to oxidize is 5 times as great as in the microcombustion, 
while the chromic acid is only 3 times as much. The smaller 
relative excess of reagent seems to necessitate a longer oxidation. 
More CrO; cannot be used in the macroanalysis, as too much O» 
would be evolved for the present apparatus to hold. 

For extraction of CO, one measures 2 cc. of 5 N lactic acid into 
the chamber from an accurate stop-cock pipette, as described for 
the corresponding addition of 1 cc. of acid in the microanalysis. 
The extraction of CO, is carried out in the same manner, with 
adjustment of the mercury meniscus in the chamber exactly at 
the 50 cc. mark, during the last 1.5 minutes of the extraction. 

The 7; reading is made with the mercury still at the 50 ec. mark. 
This completes the analysis. ! 

The po is the p; value determined in blank analyses at the same 
temperature. Correction of effect of temperature change on 
Po is made as described for the “rapid”’ microanalysis. 

For the blank analysis only 2 cc. of chromic acid combustion 
fluid are used; 5 cc. would evolve too much oxygen gas, when none 
is consumed for combustion. 


Calculation for Macrocombustion 


The pressure of CO: is calculated as Poo, = pi — po. The mg. 
of carbon in the sample are calculated by multiplying Poo, by 
the proper factor from Table I. The factors of Table I are tested 
by trial combustions of glucose or other pure substance, as de- 
scribed for the microcombustion, and are corrected if necessary 
by the b factor found. 


Derivation of Formula for Macro Carbon Calculation 


The basic formula for the calculation is Equation 1, but it is simplified 
by the fact that the i factor disappears (there being no opportunity for 
reabsorption of CO, after its extraction), and the value of a is A — S. 
Whence one obtains 


0.0007099 [A — S(1 — a'jactate) } 
1 + 0.00384: 





(6) Factor = 
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In the macroanalysis A is 50 cc., and S is 4. In the concentrated acid 
lactate solution from which the CO, is extracted the solubility of CO, 
at 20° is only 56 per cent of the solubility in water. For the range 17-32° 
the solubility, by the method of Van Slyke (11), has been found to be 
indicated by the formula 


(7) a’ lactate = a’ Ho (0.473 + 0.00462) 
With the above values substituted for the constants in Equation 6 we 


obtain 


0.03266 + (0.00134 + 0.00013t)a'H.o 
(8) Factor = — — 
1 + 0.00384t 





TABLE V 


Macrocombustions 
A = 49.95 ec., S = 4.00 ce., a = 45.95 cc.,i = 1.000. Duration of boiling, 
3 minutes at about 600 mm. 




















| Carbon 

Substance Sample a fl Factor* - | haa 

| | Found | retical 

mg. mm. *C. | | mg. | per cent per cent 

Glucose 37.56 | 476.7 | 21.5 | 0.03149 | 15.01 | 39.96 | 40.00 
39.20 | 501.3 | 22.2 139 | 15.74 | 40.14 | 
35.92 | 475.4 | 31.9 016 | 14.34 | 39.92 | 

Alanine 39.73 | 516.0 | 23.7 120 | 16.10 | 40.52 | 40.44 
38.75 | 505.8 | 24.1 | 115 | 15.76 | 40.66 | 

Cholesterol 16.098 | 436.2 | 25.2 | 100 | 13.52 | 83.99 | 83.87 
15.020 | 408.1 | 25.7 | 002 | 12.62 | 84.01 | 

Palmitic acid | 18.74 | 450.3 | 24.5 | 109 | 14.00 | 74.71 | 74.93 
(19.13 | 462.9 | 25.2 | 100 | 14.35 | 75.01 | 





* To correct for the deviation of the A mark on the chamber by 0.05 ce. 
from the 50 cc. value for which the factors in Table I are calculated, the 
factors from Table I are multiplied by 45.95/46.00 = 0.999. The results 
of the analyses calculated with these factors are sufficiently close to theo- 
retical to obviate the necessity of a 6 correction. 


Results with Macrocombustion 


Representative analyses are shown in Table V. The macro- 
analysis gives the same results as the microanalysis (Table III), 
except that with fatty acids the macroanalysis tends to be a 
little low, as in the first analysis of palmitic acid in Table V. 
The smaller excess of CrO; in the macroanalysis is the presumable 
cause. 
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SUMMARY 


A combustion mixture of fuming sulfuric, phosphoric, chromic, 
and iodic acids is described which gives theoretical yields of CO, 
with types of organic substances that have hitherto been found 
resistant to wet combustion. The mixture used effects complete 
oxidation in 1 to 3 minutes. 

Procedures are described in which the CO, is collected and 
measured in the Van Slyke-Neill manometric apparatus, the same 
apparatus serving for submicrocombustions with 0.3 to 0.7 mg. 
of carbon, microcombustions with 2 to 3.5 mg., and macrocom- 
bustions with 8 to 15mg. The accuracy of the micro- and macro- 
procedures is equal to that of dry combustions. An analysis can 
be completed in 20 minutes. 

No modification of the method is required for the presence of 
nitrogen, sulfur, halogen, alkali metals, or, so far as has been 
ascertained, any other of the substances that interfere with or 
require modification of the dry combustion. 
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The development by Van Slyke and associates (1) of a simple 
and rapid micromethod for determination of carbon has made 
possible the measurement of minute amounts of organic precipi- 
tates by determination of their carbon content. The first applica- 
tion to mineral analysis was made by Kirk (2), who determined 
inorganic phosphate by combustion of the strychnine phospho- 
molybdate precipitate, 0.01 mg. of inorganic phospnorus sufficing 
for an accurate determination. 

In this paper is described a procedure for the microdetermina- 
tion of sulfate by combustion of the benzidine sulfate precipitate. 
By performing precipitation, washing, and combustion in a special 
combustion-centrifuge tube, the procedure is made simple and 
immune to the losses that endanger transfer operations. It was 
found that the same tube and technique could be used to simplify 
Kirk’s phosphorus method (2). 

The benzidine sulfate precipitate, CHs(N He)2- H2SO,, contains 
12 carbon atoms for 1 of sulfur. Hence when the CO: pressure is 
measured with the gas at 2 cc. volume (submicrocombustion) 
(3), where the optimal amounts of carbon for analysis are 0.3 to 
0.7 mg., the corresponding amounts of sulfur are 0.07 to 0.16 mg. 
The error of analysis averages 1 part in 200. 

However, the amount of sulfur determined may be decreased to 
as little as 0.02 mg., without greatly increasing the error. 

In the other direction, the above upper limits of sample size 
may be increased 5-fold by using instead of the submicrocombus- 
tion, the microcombustion, in which the CO, pressure is measured 
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with the gas at 10 cc. instead of 2cc. volume. The error of analy- 
sis with these larger amounts is less than 1 part in 200. 


Apparatus 


The apparatus includes that described by Van Slyke and Folch 
(3) for combustion, and in addition a special centrifuge-combus- 
tion tube, which is essentially the standard Van Slyke combustion 


Fic. 1. Diagram illustrating special centrifuge-combustion tube in 
position ready for attachment to the Van Slyke-Neill manometric ap- 


paratus, 


tube drawn out conically at the bottom, ending in a shallow capil- 
lary. This capillary, 2 mm. in inner diameter and 5 mm. deep, 
retains suitable precipitates by capillarity, a small column of fluid 
blocking loss of the precipitate when the supernatant is decanted. 
The tube is of Pyrex glass. Breaking of the capillary during 
combustion is prevented by placing over the flame a small Gooch 
crucible in which the capillary bottom of the combustion tube 


rests (Fig. 1). 
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Reagents— 

The reagents are those of the Van Slyke-Folch combustion (3), 
and in addition the following. 

Benzidine hydrochloride solution. 4 gm. of benzidine hydro- 
chloride are made up to 250 ce. with 0.2 n HCl. 

Acetone, absolute, reagent quality. 

90 per cent acetone. 9 volumes of acetone are mixed with 1 
volume of water. 


Procedure 


The conditions for satisfactory precipitation of pure benzidine 
sulfate in filtrates from biological material have been defined by 
Fiske (4) and by Stadie and Ross (5). The pH may range from 7 
to as acid as 1.6 (5). Phosphate must be absent, or benzidine 
phosphate is likely to be precipitated with the benzidine sulfate. 
For each mole of sulfate present 1.4 or more moles of benzidine 
should be present to make precipitation complete. Chloride 
should not be present in amounts such that the weight ratio, 
Cl:S, exceeds 30, or precipitation of benzidine sulfate may not 
be complete. Acetone added to the aqueous sulfate solution 
decreases the solubility of the benzidine sulfate so that minute 
amounts can be precipitated completely. 

Preparation of Sulfate Solution—Any method of preparing the 
sulfate solution which does not interfere with these conditions 
will presumably be applicable. The procedure of Hoffman and 
Cardon (6) for removing proteins and phosphate from biological 
fluids has been found to yield blood filtrates which are satisfactory 
for analysis by the present method. In Hoffman and Cardon’s 
method (6) phosphate, protein, and fat are removed with ferric 
chloride and heat. The excess iron is removed with an ammonium 
hydroxide-ammonium acetate buffer. Centrifugation of the 
protein-fat coagulum has been found advisable before filtration 
of the supernatant. The supernatant solution may then be filtered 
readily through Whatman No. 42 filter paper without appreciable 
evaporation of acetone from the filtrate before aliquots for pre- 
cipitation of sulfate are taken. When this technique was em- 
ployed in the preparation of blood filtrates, it has been possible 
to recover quantitatively known amounts of inorganic sulfate 
added to blood before precipitation (Table IV). 
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For preparation of urine filtrates the method of Fiske (4) for 
removal of phosphates has been found satisfactory. 

Of the prepared solution 2 cc. are to be used for analysis. This 
volume should therefore contain from 0.02 to 0.16 mg. of sulfate, 
calculated as 8, if the submicrocombustion is to be used, and 0.4 
to 0.8 mg. if the microcombustion is to follow. 

Precipitation of Benzidine Sulfate—To 2 cc. of protein and 
phosphate-free filtrate add 1 cc. of acetone, followed by 1 ce. of 
benzidine hydrochloride reagent added dropwise. 

As a check on reagents, control tubes are set up, with water in 
place of the filtrate. The control serves for a blank analysis, 
which gives a correction covering all the reagents. The Poo, 
value obtained in the blank is the ¢c correction of the analysis. 

The combustion tubes, covered to prevent contamination by 
dust, are set aside in the ice box for complete precipitation. A 
precipitate begins to form at once and is complete in 1 hour. 

Washing—The material is centrifuged 5 minutes at 2000 R.P.M. 
after which time the precipitate will be packed tightly within the 
capillary portion of the tube. The supernatant fluid is decanted 
completely, and the tube is allowed to drain for 10 minutes ina 
rack on a lint-free towel. 4 cc. of 90 per cent acetone are added 
to each tube, the inside of the tube, including the ground glass 
connection area, being washed down completely. The precipitate 
is not disturbed. Mixing of precipitate with acetone during the 
washing was found to be entirely unnecessary. Indeed, it con- 
tributes to the difficulty of quantitative reclamation of the pre- 
cipitate by centrifugation. The tube after another 5 minutes of 
centrifugation and another decantation of supernatant fluid is 
again allowed to drain as before. This procedure is repeated once 
more, after which the tubes are placed in a boiling water bath for 
30 minutes to drive off all traces of acetone, which if incompletely 
removed add significantly to carbon combustion values. 

Combustion—The material is now ready for combustion. This 
is carried out as described by Van Slyke and Folch (3). A blank 
analysis is also carried out in which water replaces the sulfate 
solution. 

Calculation—The pressure, Poo,, of CO, from the burned benzi- 
dine is calculated as 

Poo; walt ieee Duel 
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p, and p: are the manometer readings taken before and after ab- 
sorption of the COs, as described by Van Slyke and Folch (3). 
c is the value of p; — p. found in the blank analysis. 

The sulfate sulfur in the sample is calculated as 


Mg. 8 = Poo, X factor 


The values of the factor are given in Table I. The factors have 
been calculated from Table I of Van Slyke and Folch (3) on the 
assumption that the atomic ratio of carbon to sulfur in the benzi- 
dine sulfate precipitate is 12:1, with a corresponding weight 
ratio of 4.495:1, 12.01 and 32.06 being taken as the atomic 
weights of Cand 8. These ratios have been experimentally sub- 
stantiated by analyses of standard sulfate solutions. 


Phosphorus 


The procedure is the same as that of Kirk (2), except that the 
precipitation and washing of the precipitate are carried out in the 
combustion-centrifuge tube shown in Fig. 1, that combustion is 
carried out in the same tube, and that the combustion procedure 
used is the improved one of Van Slyke and Folch (3). 

Up to the washing of the precipitate the procedure is the same 
as Kirk’s. The precipitate is now washed with 1 per cent nitric 
acid by centrifugation with the same technique described for 
washing the benzidine sulfate precipitate. For the washing two 
successive portions of 2 cc. each of 1 per cent nitric acid are used. 

In the combustion it has been found desirable to alter the 
oxidation mixture of Van Slyke and Folch (3), since its phosphoric 
acid content makes prolonged washing of the tubes in flowing water 
necessary before they can be used again for micro phosphorus 
determinations. According to a personal suggestion of Van Slyke 
and Folch, the 100 mg. of KIO; are added, as in the usual combus- 
tion, but instead of the usual 2 cc. of chromic-sulfuric-phosphorus 
acid mixture, 2 cc. of reagent grade of concentrated sulfuric acid 
(sp. gr. 1.34) are added. Strychnine burns rather easily, and the 
iodic acid alone suffices. Chromic acid in pure sulfuric acid has 
the added disadvantage of depositing insoluble precipitates in the 
capillary of the combustion tube. The boiling is continued gently 
for 3} minutes. Except for these two changes the combustion is 
carried out as described by Van Slyke and Folch (3). 
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TABLE I 


For Calculation of Phosphorus from Poo, Obtained by Combustion of 
Sirychnine Phosphomolybdate Precipitate and Sulfur from Poco, 
Obtained by Combustion of Benzidine Sulfate Precipitate 





Factors by which Poo: is multiplied to give 














: Mg. phosphorus Mg. sulfur 
Temperature va el ead : a 
Submicroanalysis Submicroanalysis Microanalysis 
a = 2.00 a = 2.00 a = 10.00 
S = 3.00 S = 3.00 S= 3.00 

°C. : PH sete isd ied ol L | pees ae 
10 0.00005 190 0.0003279 | 0.001624 
11 63 61 16 
12 35 44 08 
13 10 28 00 
14 5085 12 | 1592 
15 60 3197 | 85 
16 36 82 77 
17 12 67 69 
18 4989 52 62 
19 66 37 | 54 
20 43 21 47 
21 20 07 40 
22 4897 3093 33 
23 75 79 26 
24 53 65 | 19 
25 32 51 12 
26 ll 38 05 
27 4790 25 1499 
28 70 12 93 
29 50 00 86 
30 30 2988 80 
31 20 76 74 
32 4691 64 68 
33 72 52 62 
34 53 40 57 
35 34 28 51 


























TaB_eE II 





Recovery of Carbon by Wet Combustion of Benzidine Precipitated 
by Known Quantities of Sulfate 





C recovered in 


Recovery ratio 

















Source of sulfate Quantity of 8 benaidine sulfate ppt. me some 
mg. mg. 
(NH,)2S80, 0.02 0.0901 12.1 
0.02 0.0887 11.8 
K,S0, 0.02 0.0899 12.0 
0.02 0.0888 12.0 
(NH,4)280, 0.04 0.1785 11.9 
0.04 0.1788 11.9 
K,S0, 0.04 0.1812 12.1 
0.04 0.1798 12.0 
TaB.e III 


Recovery of Known Quantity of Sulfate by Wet Combustion of Benzidine 
Sulfate Precipitate (Submicrocombustions) 


























S in sample PCO: Poo, Xfg Deviation Sem 
mg. per cent 
0.10 320.3 0.0992 —0.8 
0.10 329.9 0.1000 0.0 
0.08 265 .8 0.0808 +1.0 
0.08 263.5 0.0802 +0.2 
0.05 164.0 0.0497 —0.6 
0.05 165.6 0.0499 +0.4 
0.04 131.0 0.0397 —0.7 
0.04 129.0 0.0398 —0.5 
0.03 100.0 0.0302 +2.0 
0.03 97.3 0.0295 —1.6 
0.02 65.3 0.0198 —1.0 
0.02 67.3 0.0204 +2.0 

TaBLe IV 
Recovery by Gasometric Method of Sulfate Added to Human Plasma 
Plasma sample | Sulfate $ found | Sulfate S added omnes a 
mg. per cent mg. per cent mg. per cent 

1 1.4 1.0 2.35 98.0 

2 1.8 2.0 3.90 97.3 

3 0.9 2.5 3.45 101.5 

4 2.1 3.0 5.00 98.1 
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550 Sulfate and Phosphate Determination 


Calculation—As in the sulfur analysis, the pressure, Poo,, of 
CO, from the carbon in the precipitate is calculated as 


Poo, = Pi — Pr — € 


where c is the value of p,; — p: obtained in a blank analysis. The 
value of Peo, is multiplied by the proper factor from Table I to 
calculate mg. of phosphorus. The phosphorus factors of Table I 
are obtained by dividing the carbon factors of Van Slyke and 
Folch (3) by 28.4, which was found by Kirk (2) to be the weight 
ratio, C:P, in the strychnine molybdate precipitate. The factors 
of Table I are slightly different from those of Kirk, for the reason 
that the S and a’ values in the Van Slyke-Folch combustion, and 
consequently the carbon factors, are slightly different from those 
of the earlier combustion (1). 


Results 


In order to test the stoichiometric relationship between the 
benzidine carbon and known concentrations of inorganic sulfate, 
solutions of sulfate containing sulfur in amounts ranging from 
0.1 to 0.02 mg. were precipitated with the benzidine chloride 
reagent; the carbon in the precipitate was determined by the 
method outlined above, and calculated as sulfur from the factors 
given in Table I. This served at the same time as a check on the 
accuracy of the factors. 

For quantities of sulfur ranging from 0.04 mg. upwards the 
average deviation from theoretical results was about 1 part in 
200 (Tables II and III). Even with the smaller samples ranging 
from 0.04 to 0.02 mg. the error is rarely more than 2 per cent. 
These recoveries are considered adequate for the extremely small 
amounts of sulfate taken for analysis. 

Additional results with biological material will be reported later 
in publications of experimental work in which the method is 


being used. 


SUMMARY 


A method for the microdetermination of inorganic sulfate has 
been outlined, based on the combustion of the carbon in the 














C. L. Hoagland 551 


benzidine sulfate precipitate, and measurement of the carbon 
dioxide in the Van Slyke-Neill manometric apparatus. 

A special centrifuge-combustion tube in which all procedures 
from precipitation to combustion are carried out has been designed 
to obviate losses that might occur through transfer of the material 
from tube to tube. 

With known inorganic sulfate concentrations the method yields 
theoretical results. It is applicable to blood and urine filtrates 
following removal of phosphate. 

The centrifuge-combustion tube can also be used to avoid trans- 
fers and simplify technique in the manometric micro phosphorus 
method of Kirk (2). 


The author is greatly indebted to Dr. D. D. Van Slyke for his 
valuable suggestions and helpful criticism. 
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MICROMANOMETRIC DETERMINATION OF MAGNESIUM 


By CHARLES L, HOAGLAND 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, July 24, 1940) 


The quantitative reaction which occurs in alkaline solution 
between the magnesium ion and 8-hydroxyquinoline is well known 


(1, 2). 
Mg*+ + 2C,HsNOH = Mg(CsH.ON): + 2H* 


Several attempts to utilize this reaction for the quantitative 
estimation of magnesium are recorded. The phenolic properties 
of the 8-hydroxyquinoline complex have been used to develop 
with Folin’s reagent (3) a colorimetric method for the estimation 
of magnesium (1). A method based on the development of a 
green color by iron with the magnesium-hydroxyquinoline com- 
plex has been used by Lavollay (4). Others have resorted to 
diazotization and conversion of the magnesium-hydroxyquinoline 
complex to a dye by coupling with diazobenzenesulfonic acid 
(5). Methods by which the magnesium is precipitated with 
8-hydroxyquinoline and determined gravimetrically (6) have been 
in use industrially for some time, particularly in water analysis. 
Before the determination is carried out, precautions must be taken 
to remove aluminum, manganese, copper, and zinc if these are 
present in sufficient amounts to cause precipitation of the reagent. 
These metals rarely exist in biological materials in sufficient con- 
centration to necessitate removal before precipitation of mag- 
nesium. Iron in small amounts does not precipitate at the alkaline 
pH which is optimum for magnesium (4). 

Because of the simplicity of the technique involving direct 
precipitation of magnesium-hydroxyquinoline, an attempt has 
been made to improve its sensitivity and obviate colorimetry and 
standards by substituting direct combustion of the hydroxyquino- 
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line complex by the method of Van Slyke and Folch (7). Because 
the precipitate contains 18 carbon atoms to 1 magnesium, accurate 
determination requires only 0.03 mg. of Mg. 

In the determination of magnesium use is made of a special 
combustion tube described elsewhere in this Journal in connection 
with the gasometric determination of sulfate (8). 

Reagents— 

8-Hydroxyquinoline, c.p., 2 per cent solution in 95 per cent 
alcohol. 

Saturated aqueous ammonium chloride solution. 

Ammonia water, concentrated. 

The 8-hydroxyquinoline solution on standing loses its property 
of combining with magnesium. This is associated with a loss of 
its phenolic properties, as indicated by a failure to give a color 
with Folin’s phenol reagent (9, 10). For this reason the reagent 
must be prepared fresh daily and discarded should it be found to 
give a starch-iodide reaction. 


Procedure 


The sample should contain 0.03 to 0.07 mg. of magnesium, dis- 
solved in 2 to 10 ec. of protein- and calcium-free solution. Place 
the solution of the sample in the special centrifuge-combustion 
tube (8); add 0.2 ec. of 8-hydroxyquinoline reagent. Follow with 
0.2 ec. of saturated ammonium chloride solution. Rotate vigor- 
ously and set aside for 5 minutes. Add 1 to 2 drops of ammonia 
water. A fine greenish yellow precipitate of the magnesium 
complex begins to form almost immediately. 

Tubes containing 2.0 cc. of water with an identical quantity of 
reagent are set up at the same time. The value obtained from 
combustion of this “blank” is subtracted from the value obtained 
from the test substance. 

The tubes are allowed to stand at room temperature for 30 
minutes. A portion of the light magnesium precipitate has a 
tendency to climb up the side of the tube as evaporation of am- 
monia proceeds. This precipitate is washed down with 0.5 ce. 
of saturated ammonium chloride solution, after which the pre- 
cipitate is collected in the capillary of the combustion tube by 
centrifugation at 2000 r.p.m. for 5 minutes. The supernatant 
fluid is removed by a fine capillary attached to a suction flask. 
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If suction is begun only after the capillary is placed under the 
surface of the supernatant fluid, the trace of magnesium precipi- 
tate floating on the surface adheres to the wall of the combustion 
tube and is not lost. The inside walls of the tube and the pre- 
cipitate are then washed with 5 cc. of the saturated ammonium 
chloride solution, care being taken to wash down the entire inside 
of the combustion tube, including the ground glass connection 
area. It is not necessary to disturb the precipitate which is 
packed thinly at the bottom of the small capillary at the tip of the 
combustion tube. It is, however, essential that all hydroxy- 
quinoline reagent adhering to the inside of the combustion tube 
be washed away. Following the second washing and removal of 
supernatant fluid by capillary suction, the tubes are placed in a 
boiling water bath for 30 minutes to remove traces of moisture from 
the precipitate. The precipitate is then oxidized with chromic acid 
reagent, and the carben dioxide measured in the Van Slyke-Neill 
manometric apparatus according to the present technique of Van 
Slyke and Folch for the determination of carbon in organic com- 
pounds (7). 

Calculation—The pressure, Pgo,, of the CO, from the burned 
precipitate is calculated as 


Poo, = Pi — P2 — € 


where p; and pz are the manometer readings before and after ab- 
sorption of the CO, as described by Van Slyke and Folch (7) and 
cis the value of p; — pe found in blank analyses. 

The amount of magnesium in the sample, in mg., is calculated 
by multiplying Pco, by the proper factor in Table I. The factors 
in Table I are obtained by multiplying the carbon factors of 
Van Slyke and Folch (7) by the weight ratio, Mg : 18C = 24.32: 
216.18 = 0.1125. 

Recovery of Theoretical Carbon from Magnesium-8-H ydrozy- 
quinoline Complex—From the formula, Mg(CsHsON): (6), for 
each magnesium atom 18 carbon atoms should be available for 
combustion to carbon dioxide. In order to test the completeness 
of precipitation and combustion known quantities of Mg** in the 
form of MgSO,-7H:O and MgCl;,-6H,0 were precipitated by the 
technique outlined above and the precipitates were subjected to 
combustion. Table II indicates that with amounts of Mgt+ 
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varying from 0.010 to 0.040 mg. a stoichiometric relationship of 
1 atom of Mg** to 18 carbon atoms accurate within the range of 
experimental error may be expected. In amounts less than 0.020, 


TaBLe I 


For Calculation of Magnesium from Pco, Obtained by Wet Combustion of 
Magnesium-H ydrozyquinoline Precipitate 





| Factors by which Po, is multiplied to give 
mg. Magnesium 





Temperature aon 
S=3 
°C. 
10 0.0001655 
ll 49 
12 40 
13 32 
14 25 
15 17 
16 09 
17 02 
18 1594 
19 86 
20 79 
21 72 
22 64 
23 57 
24 50 
25 43 
26 37 
27 30 
28 23 
29 17 
30 11 
31 05 
32 1499 
33 93 
34 86 
35 80 








a very slight solubility of the hydroxyquinoline complex may be 
expected to yield upon combustion slightly less than the theoreti- 


cal carbon. 
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In Table III are given values obtained from the precipitation 
of known quantities of magnesium. 


TaBLe II 


Recovery of Carbon by Wet Combustion from Precipitate 
of Magnesium with 8-H ydroryquinoline 

















Source of Mg** Mg** taken Carbon found Raa a A 
a as, cae mM mM 
MgCl.-6H,0 | 000412 0.00725 1:17.6 
MgSO,-7H,0 | 0.000412 0.00725 1:17.6 
MgCl,-6H,O | 0.000823 0.01481 1:18.0 
MgS0,-7H,0 | 0.000823 0.01486 1:18.05 
MgCl,-6H,0 0.001650 0.02937 1:17.8 
MgS0,-7H.0 | 0.001650 | 0.02993 1:18.2 
TaBLe III 


Recovery of Known Concentrations of Magnesium Calculated from Carbon 
Dioxide Obtained from Combustion of Magnesium- 
Hydroryquinoline Complex 


























Mg** taken Mg** found Deviation from theoretical 
mg. , mg. per cent 
0.01 0.0098 —2.0 
0.02 0.0199 —0.5 
0.03 0.0300 0.0 
0.04 0.0400 0.0 
0.05 0.0502 +0.4 
TaBLe IV 
Recovery of Magnesium Added to Serum 
, Total Total 
Sample No. a. XE | -_  ~ | —- ———? Jentina 
— mal pabeatnd bnalitvetas — “~ mg. per 100 cc. 
1 28 | 20 | 4.56 96.7 
ae | 3.0 | My : 6.96 97.2 
3 3.1 4.0 | 7.1 7.00 98.6 
4 2.5 | ey Ae 7.20 96.0 





Determination of Magnesium in Biological Materials—A variety 
of satisfactory techniques exists for the preparation of blood and 
serum filtrates suitable for magnesium determination and will 
not be repeated in detail here (10-12). On a calcium-free filtrate 
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the above procedure is carried out and magnesium expressed in 
mg. computed from the Poo, factors given in Table I. In this 
laboratory the method of Berg, Walker, and Skopp (13), cited 
by Snell and Snell (12), has proved particularly satisfactory. 

Table IV summarizes the results obtained in an attempt to 
recover known concentrations of Mg**+ added to sera before re- 
moval of proteins and calcium. From 96.0 to 98.6 per cent re- 
covery was obtained. 

For urine, calcium is satisfactorily removed as the oxalate by 
the method of MeCrudden (14), after which the magnesium is 
precipitated from an aliquot of the filtrate by the technique de- 


scribed above. 


SUMMARY 


A micromanometric technique for the determination of mag- 
nesium is outlined whereby the carbon in the magnesium-hydroxy- 
quinoline complex is oxidized to carbon dioxide and measured in 
the Van Slyke-Neill manometric apparatus. The method yields 
theoretical results with known magnesium concentrations which 
compare well with theoretical values, and is applicable to the 
determination of magnesium in blood and urine filtrates. 
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LETTERS TO THE EDITORS 





THE SPECIFICITY OF SALMON PEPSIN 
Sers: 

Norris and Elam! have described the isolation, in crystalline 
form, of a protein-digesting enzyme from the stomachs of Pacific 
Coast king salmon. It seemed desirable to determine whether 
this salmon pepsin was similar in specificity to swine pepsin. 
Previous work? had shown that crystalline swine pepsin hydro- 


Increase in 


Substrate “aie loam nl ae 
solution 
mg. per cent 
Carbobenzoxy-l-glutamy]-l-tyrosine 3.2 0 0 
4.2 0 0 
Glycyl-l-glutamy]-/-tyrosine 3.2 —0.01 0 
Carbobenzoxyglycyl-l-glutamyl-l-tyrosine. . 3.2 —0.01 0 
4.6 0 0 
Benzoy]-l-arginineamide 3.2 Ot 0 
Benzoy]-l-tyrosylglycineamide 3.2 0.04 6 
5.6 0.027 4 
3.7 0.66 


Edestin 

Enzyme concentration, 1.45 mg. of protein N per cc. of test solution; 
concentration of synthetic substrates, 0.05 mm per cc. of test solution; 
edestin concentration, 18 mg. per cc. of test solution; time of incubation, 48 
hours; temperature, 40°. 

*The 100 per cent hydrolysis of one peptide linkage results in an in- 
crease of 0.70 mg. of amino nitrogen per cc. of test solution. 

+ This value was obtained by microtitration of carboxyl groups. 


lyzed simple compounds containing glutamic acid and tyrosine, 
such as carbobenzoxy-l-glutamyl-l-tyrosine, glycyl-l-glutamyl- 
l-tyrosine, etc. It was further found that the above substrates 
for swine pepsin were also hydrolyzed by concentrated pepsin 


' Norris, E. R., and Elam, D. W., J. Biol. Chem., 184, 443 (1940). 
* Fruton, J. S., and Bergmann, M., J. Biol. Chem., 127, 627 (1939). 
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preparations from beef, sheep, and chicken.* Through the kind- 
ness of Dr. Norris and Dr. Elam, who provided us with a sample 
of crystalline salmon pepsin, it was possible to subject a number 
of the substrates to the action of this enzyme. It will be noted 
(cf. the table) that the compounds carbobenzoxy-l-glutamyl-l- 
tyrosine, glycyl-l-glutamyl-l-tyrosine, and carbobenzoxyglycyl- 
l-glutamyl-l-tyrosine were not attacked by the enzyme prepara- 
tion. However, under similar conditions, edestin was extensively 
hydrolyzed. It would appear, therefore, that salmon pepsin 
differs markedly in specificity from the pepsins of swine, beef, 
sheep, and chicken. 

The following compounds were also subjected to the action of 
salmon pepsin: benzoyl-l-arginineamide (substrate for crystalline 
beef trypsin) and benzoyl-l-tyrosylglycineamide (substrate for 
crystalline beef chymotrypsin). The first of these was completely 
resistant to the enzyme, while the latter showed a very slight 
hydrolysis. 

Laboratories of The Rockefeller Institute for Medical Joserx 8. Fruron 
Research Max BERGMANN 
New York 


Received for publication, September 25, 1940 





* Bergmann, M., and Fruton, J. 8., unpublished work. 
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THE BIOLOGICAL CONVERSION OF ORNITHINE INTO 
PROLINE AND GLUTAMIC ACID 


Sirs: 


Deutero ornithine, when given to normal adult mice in addition 
to the ordinary stock diet, is rapidly and extensively converted 
into deutero arginine, and the latter is introduced into the animals’ 
proteins.! Proline and glutamic acid have now been isolated from 
the same hydrolysate of mouse proteins as had yielded deutero 
arginine. Proline was precipitated as the rhodanilate? and puri- 
fied by conversion into the hydantoin.* This contained 0.31 + 
0.03 atom per cent deuterium, indicating that ornithine was 
partly converted into proline, and the latter introduced into the 
protein linkage. 

The glutamic acid isolated contained 0.07 + 0.01 atom per 
cent deuterium. The compound was degraded with chloramine-T; 
the resulting barium succinate‘ contained 0.16 + 0.01 atom per 
cent deuterium. As no deuterium was lost during degradation, 
none could have been present in the @ position of glutamic acid. 
The values do not indicate how much ornithine was converted 
into the two amino acids, as we do not yet know what fraction of 
the deuterium was lost during the conversions or the extent to 
which the new amino acids were mixed with their non-isotopic 
analogues. The dietary casein and the animals’ proteins contain 
a very large amount of (non-isotopic) glutamic acid. The newly 
formed isotopic amino acid must have mixed with the glutamic 
acid originating from these sources, whereby the isotope would 
have been considerably diluted. Even if a large part of the or- 
nithine had been converted into glutamic acid, the isotope con- 
centration of the latter could not have been high. 


1 Clutton, R., Schoenheimer, R., and Rittenberg, D., J. Biol. Chem., 182, 
227 (1940). 
* Bergmann, M., J. Biol. Chem., 110, 471 (1935). 
* Dakin, H. D., Biochem. J., 12, 290 (1918). 
* Ratner, S., Rittenberg, D., and Schoenheimer, R., J. Biol. Chem., 186, 
357 (1940). . 
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are metabolically interlinked. 


Department of Biochemistry 
College of Physicians and Surgeons 
Columbia University 
New York 


Received for publication, October 15, 1940 


ae ee hh OE eae 


562 Letters to the Editors 


Krebs*® has recently put forward evidence on the basis of work 
with d-amino oxidase that proline, ornithine, and glutamic acid 


The present experiment, carried out with normal animals on 
their normal diet, shows that the conversion of ornithine into 
arginine, proline, and glutamic acid and the introduction of these 
compounds into the proteins are continuous processes. 


5 Krebs, H. A., Enzymologia, 7, 53 (1939). 











MARJORIE ROLOFF 
S. Ratner 
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INHIBITION OF FLAVOPROTEIN OXIDATIVE CATALYSIS 
BY SUBSTITUTED PHENOLS 


Sirs: 


Certain phenols having nitro and halogen groups as substituents 
exhibit two types of effect on cell respiration. The first consists 
in a stimulation of oxygen consumption, produced at relatively low 
substituted phenol concentrations. The second effect, produced 
at relatively higher substituted phenol concentrations, consists 
in an inhibition of a fraction of the respiration; this is accompanied, 
in fertilized Arbacia eggs, by a reversible inhibition of cell division! 
and, in various tumor tissues, by a specific inhibition of the 
Pasteur effect.2 This communication reports the results of pre- 
liminary efforts to identify the respiratory process or processes 
inhibited by the substituted phenols. 

In numerous experiments performed from 1935 to date, it was 
found that 4 ,6-dinitro-o-cresol, in concentrations up to 1000 times 
the physiologically active concentrations, had no effect on a 
number of metal-containing oxidative systems.' The substituted 
phenols were also virtually without effect on a number of dehydro- 
genase systems. Meanwhile, evidence had accumulated from 
experiments on living cells to indicate that the substituted phenols 
might, in appropriate concentrations, inhibit some intermediate 
carrier process, possibly a flavoprotein catalysis. Independent 
chemical evidence for this suggestion came from the fact that 
riboflavin had been found* to have a high solubility in, and 
affinity for, phenol and certain phenol derivatives. 

In the present investigation a number of physiologically active 
substituted phenols, including 4,6-dinitro-o-cresol, 2,4-dinitro- 
o-cyclohexylphenol, and 2,4,5-trichlorophenol, have been found 


' Krahi, M. E., and Clowes, G. H. A., J. Gen. Physiol., 20, 413 (1940). 

* Dodds, E. C., and Greville, G. D., Lancet, 1, 398 (1934). Clowes, G. 
H. A., Keltch, A. K., and Krahl, M. E., Paper presented at meeting of 
American Association for Cancer Research, April, 1939. 

* Green, R. D., and Black, A., J. Am. Chem. Soc., 69, 1820 (1937). 
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to inhibit two typical flavoprotein catalysts, d-amino acid oxidase — 
and heart muscle flavoprotein;’ however, these agents did not — 
inhibit milk xanthine oxidase, an enzyme for which there is some, 
as yet equivocal, evidence’ for participation of a flavin group. A 
physiologically inactive substituted phenol, o-nitrophenol, was 
without effect (up to 10-* m) on any of these enzyme systems, 
In representative experiments with d-amino acid oxidase, oxygen © 
consumption measurements were made by the direct Warburg 
method in air at 30°. The effects of variation in pH, flavin- 
dinucleotide concentration, protein concentration, substrate 
concentration, and substituted phenol concentration were studied, ~ 
The results of a typical experiment with varying substrate con- 





Co tration of O2 consumed in 1 hr., c.mm. 
d-alanine, moles 
i In 10°* uw 


per liter 
In control 2,4,5-trichlorophenol 


Per cent inhibition 











0.1 232 113 
0.05 185 73 
0.025 141 44 
0.0125 101 20 
0.0063 72 14 
0.0032 43 7 

















centration are shown in the table. The final concentration of 
flavin-dinucleotide* was 0.025 mg. per ml., that of the protein’ 
0.15 mg. per ml. The total volume in each flask was 5.5 ml; — 
the pH was 8.3. 

Lilly Research Laboratories M. E. Kranu 


Indianapolis A. K. Ke.tcu 
G. H. A. CrLowss 
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